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SUMMARY 


INTRODUCTION 

Many  systems  have  been  advanced  as  potential  solutions  to  the  collision 
avoidance  problem.  Only  a few  of  theee  attempts  have  survived  critical  analysis 
and  testing.  Comparative  system  evaluations  are  being  conducted  based  on  per- 
formance, cost,  and  size  requirements. 

The  PAA  (Federal  Aviation  Administration)  has  been  directed  by  the 
U.S.  Congress  to  report  on  CAS  (Collision  Avoidance  System)  progress  and  to 
arrive  at  a decision  for  a National  CAS  Plan.  As  a result  of  Department  of 
Defense  involvement  in  that  decision,  the  Navy  is  evaluating  the  performance 
of  some  of  the  proposed  systems.  The  work  reported  herein  was  sponsored  by 
the  Department  of  Transportation  and  the  Department  of  Defense. 

One  of  the  systems  being  evaluated  by  the  Navy  was  designed  by  Honeywell 
and  is  known  as  AVOID  (Avionic  Observation  of  Intruder  Danger) . This  is  a 
family  of  equipments  which  provide  varying  levels  of  protection  commensurate 
with  the  performance  characteristics  of  various  types  of  aircraft.  At  present, 
the  AVOID  I and  AVOID  II  represent  the  maximum  and  minimum  equipments.  The 
AVOID  I is  designed  for  military  and  air  carrier  aircraft  which  fly  the  civil 
air  lanes.  The  AVOID  II  is  a smaller,  less  costly  version  designed  for  lower 
performance  military  and  civilian  aircraft. 

In  October  1973,  the  FAA,  Navy  and  the  Naval  Air  Development  Center 
entered  into  an  agreement1  for  the  procurement  and  subsequent  flight  testing 
of  the  AVOID  I equipment.  Laboratory  and  flight  testing  was  completed  in 
November  1974  and  the  results  of  these  tests  were  reported  in  Report  No. 
NADC-75056-60  of  May  1975.  As  a result  of  a modification  to  the  above  agree- 
ment between  the  Department  of  the  Navy  and  the  Department  of  Transportation, 
the  NAVAIRDEVCEN  was  funded  to  procure  the  AVOID  II  for  flight  test  and 
analysis.  The  contract2  for  the  purchase  of  two  AVOID  II  systems  and 
modifications  to  the  AVOID  I and  the  associated  calibration  and  simulator 
equipments  was  executed  in  September  1974,  and  the  AVOID  II  equipments  were 
delivered  in  May  1975. 

The  AVOID  II  tested  was  an  engineering  prototype  packaged  in  a 3/8  ATR 
short  case,  with  the  production  unit  to  be  housed  in  a standard  1/4  ATR  short 
case.  This  report  documents  the  flight  test  evaluation  of  the  AVOID  II  CAS. 


interagency  Agreement  DOT-FA73WAI-3S8  Modification  No.  2 Between  FAA  and 
NAVAIRDEVCEN  for  the  Technical  Evaluation  and  Flight  Test  Program  of  the 
AVOID  II  CAS  dated 

2NAVAIRDEVCEN  Contract  N62269-75-C-0149  of  13  September  1974  with  Honeywell. 
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OBJECTIVES 

The  general  objective  of  this  test  program  was  to  evaluate  the  ability 
of  the  AVOID  II  to  perform  the  collision  avoidance  function  required  by  air- 
craft with  reduced  performance  characteristics,  and  to  ascertain  the  effective- 
ness of  modifications  to  the  AVOID  system  designed  to  improve  performance. 

SUMMARY  OF  RESULTS 

The  AVOID  II  provided  the  correct  avoidance  warnings  to  the  pilot  during 
encounters  with  both  AVOID  I and  AVOID  II  equipped  aircraft.  These  warnings 
were  consistent  with  the  system  specifications  for  general  aviation  requirements. 

The  r-f  communi cation  range  between  AVOID  I and  AVOID  II  equipped  aircraft 
was  sufficient  for  the  AVOID  I generation  of  warnings  consistent  with  ANTC-117 
requirements.  The  maximum  threat  processing  range  of  the  AVOID  II  (4.2  nmi 
or  7,8  km)  resulted  in  an  effective  protected  volume  around  the  aircraft  which 
was  a function  of  the  closure  rate  between  aircraft.  A 40-serond  warning  could 
be  generated  for  closure  rates  up  to  300  knots  (154  m/s),  and  a 25-second 
warning  for  rates  up  to  425  knots  (219  m/s) . 

The  pilot  display  reliability  was  99.4  percent. 

The  air-to-air  data  link  established  the  correct  relative  altitude  with  a 
reliability  greater  than  99.5  percent  of  the  time  while  operating  with  fruit 
in  accordance  with  appendix  A. 

The  range  and  range-rate  accuracies  (Theodolite  reference)  were: 


R^nge  Error  (Feet)  Range  Rate  Error  (Knots) 


Mean 

Sigma 

Mean 

Sigma 

167 

120 

6.6 

6.6 

(51  a) 

(37  m) 

(3.4  m/s) 

(2.4  m/s) 

No  false  alarm?  occurred  during  approximately  52  hours  of  flight  testing 
and  142  hours  of  laboratory  testing. 

CONCLUSIONS 

The  AVOID  II  has  the  potential  for  performing  a collision  avoidance 
function  for  general  aviation  aircraft  which  is  compatible  with  ANTC-117 
requirements  for  a full  CAS. 

The  communication  range  was  more  than  adequate  for  encounters  between 
aircraft  with  performance  characteristics  for  which  the  AVOID  II  was  designed. 
The  maximum  tracking  range  of  the  AVOID  II  did  not  allow  threat  processing  of 
all  intruders  within  communication  range. 


..  2 - 


i 


NADC-76141-60 


* 


f 

f 

i 


* 

I 


t 


The  display  and  tracking  reliabilities  were  satisfactory.  All  encounters 
were  flown  in  the  presence  of  the  simulated  traffic  environment  of  the  Los  Angeles 
basin  in  1982  as  predicted  by  Honeywell  for  the  AVOID  system. 

The  modified  interrogation  sequence  and  threat  processing  criteria  were 
satisfactory.  This  modification  combined  with  the  new  altitude  scale  factor 
(2  ns/ft. ) resulted  in  a greatly  improved  air-to-air  data  link. 

The  range  and  range-rate  accuracies  were  satisfactory. 

The  warning  times  were  satisfactory  for  closure  rates  up  to  400  knots 
(206  m/s).  During  encounters  with  closure  rates  greater  than  450  knots  (231  m/s), 
warning  times  of  less  than  25  seconds  occurred. 

RECOMMENDATIONS 

It  is  recommended  that  the  threat  processing  range  of  the  AVOID  II  be 
extended  in  order  to  allow  full  25-second  TAU-i  commands  and  40-second  TAU-2 
advisories  for  closure  rates  up  to  550  knots  (283  m/s) . This  would  only  require 
additional  range  registers  since  the  power  budget  is  already  sufficient  to  pro- 
vide the  full  warning  times. 
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EQUIPMENT  DESCRIPTION 


AVOID  II  CAS  CONFIGURATION 

The  AVOID  collision  avoidance  system  developed  by  Honeywell  operates  on  a 
cooperative  basis  with  other  aircraft.  The  AVOID  equipments  utilize  a single 
frequency  interrogator  transponder  pulse  ranging  technique.  Aircraft  barometric 
altitude  is  exchanged  via  interrogation  pulse  coding.  The  altitude  information 
is  conveyed  in  the  spacing  between  the  first  and  second  pulse  pair  of  an  inter- 
rogation quad.  Aircraft  respond  only  to  those  interrogations  which  fall  within 
a prescribed  zone  relative  to  their  altitude.  A single  pulse  is  generated  when 
the  altitude  interrogated  is  within  an  acceptance  window  established  by  the 
interrogated  aircraft.  The  range  between  aircraft  is  determined  by  the  trans- 
mission delay  between  aircraft.  The  closure  rate  is  established  by  comparing 
successive  range  measurements  (at  1/2-second  time  intervals)  during  an  interroga- 
tion sequence  (3-1/2  seconds) . Threat  status  is  evaluated  on  the  basis  of 
relative  altitude  and  Tau  (range  divided  by  closure  rate  between  aircraft). 
Threatening  situations  result  in  advisories  and  commands  which  pertain  to  the 
vertical  speed  of  the  aircraft  (ie.  CLIMB  or  DIVE  commands  and  LIMIT  VERTICAL 
SPEED  advisories).  A detailed  description  of  the  AVOID  II  theory  of  operation 
is  contained  in  appendix  B.  Figure  1 is  a block  diagram  showing  the  functional 
organization  of  the  AVOID  II. 

The  AVOID  II  tested  was  an  engineering  prototype  packaged  in  a 3/8  ATR 
short  case.  An  outline  drawing  of  the  AVOID  II  interrogator/transponder  with 
dimensions  is  shown  in  figure  2.  The  AVOID  II  maneuver  indicator  is  shown  in 
figure  3.  The  AVOID  II  with  dust  cover  removed  to  expose  interior  assembly  is 
shown  in  figure  4.  Construction  was  of  a modular  nature  consisting  of  four  basic 
functions:  transmitter,  receiver,  power  supply,  and  digital  processor.  The 

brsic  characteristics  of  the  AVOID  II  tested  were: 

1.  3/8  ATR  short  package 

2.  Weight  - 10  lb  (4.5  kp) 

3.  Power  required  - (115V/400Hz)  - 350  ma 

- (28VDC)  - 3.0A  nom/4 ,0A  max 

4.  RF  - dual  channel,  center  frequency  1607.5  ± 1.5  MHz 

5.  Transmitter  output  pulses  - 100  t 20  ns  wide 

6.  Peak  RF  transmitter  power  - 54  dbm  minimum  at  antenna  port. 

7.  Receiver  sensitivity  range  - -22  dbm  to  -68  dbm 

* 

Figure  5 is  a photograph  of  the  AVOID  II  together  with  the  AVOID  II 
maneuver  indicator.  The  AVOID  II  also  provides  the  signals  necessary  to  operate 
the  standard  CAS/VSI  indicator. 
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AVOID  CAS  MODIFICATIONS  (PRE-AVOID  II  DELIVERY) 

As  a result  of  the  flight  test  evaluation  of  the  AVOID  I by  NAVAIRDEVCEN 
personnel*  several  AVOID  system  design  changes  were  recommended . The  following 
recoeciendations  were  incorporated  in  the  AVOID  II  CAS  equipment: 

1.  TAU  TWO  and  TAU  ONE  threats  be  identified  by  range  before  being 
processed  through  the  display  logic  to  preclude  the  display  of  a threat 
resulting  from  two  fruit  tracks  (false  alarm)  or  one  fruit  track  followed  by 
a legitimate  track  (early  alarm). 

2.  The  two  interrogation  sets  in  the  branch  altitude  bands  be  increased 
to  five  or  more.  This  is  to  reduce  to  an  acceptable  level  the  probability  of 
fruit  falling  within  the  altitude  range  acceptance  gate  causing  an  alteration 
of  an  advisory  or  command. 

3.  Fifty-foot  range  bins  be  implemented  for  the  entire  range  of  the  CAS 

to  reduce  the  formation  of  fruit  tracks  and  fruit  correlation  in  branch  altitude 
bonds. 

4.  The  altitude  code  scaling  factor  be  changed  from  1 to  2 nanoseconds/ 
foot  in  order  to  establish  accurate  altitude  threat  zone  boundaries. 

5.  The  interrogation  multipath  altitude  response  guard  gate  be  increased 
from  S microseconds  to  10  microseconds. 

6.  Additional  sets  of  Interrogations  be  incorporated  in  the  interrogatio. 
sequence  to  prevent  formation  of  phantom  intruder  tracks  which  cause  false 
alarms. 

As  a result  of  these  changes  to  the  AVOID  CAS*  several  modifications  to  the 
previously  delivered  AVOID  I equipments  were  required.  The  AVOID  I CAS,  Traffic 
Simulator*  and  Digital  Display  and  Interface  (shown  in  figure  6)  were  modified 
to  be  compatible  with  the  AVOID  II  CAS.  The  following  modifications  were 
performed: 

1.  AVOID  I CAS 

a.  Double  the  altitude  scale  factor  from  1 to  2 ns/foot 

b.  Change  the  altitude  band  width  and  the  relative  center  position 
to  provide  the  necessary  altitude  boundaries, 

c.  Reduce  the  interrogation  jitter  to  the  level  of  the  AVOID  II  CAS 
equipment . 

d.  Double  the  multipath  guard  gate  (S  to  10  microseconds). 
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2.  Traffic  Simulator 

a.  Double  the  altitude  scale  factor. 

b.  Change  the  circuitry  which  determines  the  position  of  multiple 
targets  so  that  the  trailing  targets  are  in  the  correct  position. 

3.  Digital  Display  and  Interface 

a.  Change  circuitry  to  allow  for  automatic  compensation  for  the 
differences  between  the  AVOID  I and  AVOID  II. 

t.  Change  the  fruit  and  interrogation  rate  counting  -ircuitry  so 
that  it  is  independent  of  AVOID  I and  AVOID  II  event  duration. 

c.  Change  the  tape  recorder  control  to  enable  recording  of  flight 
parameters  at  the  end  of  each  interrogation  sequence. 

AVOID  CAS  MODIFICATION  AFTER  DELIVERY 

During  the  AVOID  II  flight  tests,  occasional  phantom  target  tracks 
occurred  at  certain  geographic  locations  while  enroute  to  and  returning 
from  the  Dover,  Delaware  VORTAC  site.  These  phantom  targets  occurred  without 
the  presence  of  a cooperating  target  aircraft.  After  analysis  of  computer 
print -outs  of  the  data  recorded  during  these  occurrences,  it  was  discovered 
that  the  phantom  targets  occurred  only  at  low  altitudes  (approximately  4000 
feet),  and  within  certain  distances  from  buildings  and  large  metallic  objects. 
The  recording  of  TACAN  range  and  bearing  data  allowed  accurate  positioning  of 
the  aircraft  at  the  times  when  the  phantom  target  tracks  occurred.  It  was 
concluded  that  the  phantom  targets  were  actually  reflections  of  the  aircraft's 
own  interrogation  pulses. 

The  original  AVOID  system  design  employed  a 3 2. 6 -microsecond  delay  between 
the  second  interrogation  pulse  pair  and  the  opening  of  the  range  acceptance 
window  at  the  interrogator  end  of  the  link.  The  same  delay  occurred  aboard 
the  responding  aircraft  after  the  second  interrogation  pulse  pair  prior  to 
the  generation  of  a reply.  This  delay  was  intended  to  prevent  multipath 
interrogations  from  adversely  affecting  various  phases  of  system  operation. 

The  32.6-microsecond  delay  prevented  interrogation  reflections,  from  objects 
less  than  16,300  feet  (4.97  kilometres)  away,  from  entering  the  range  gate. 

In  order  to  prevent  the  tracking  of  reflections  in  both  the  AVOID  I and 
the  AVOID  II,  and  to  maintain  compatibility  between  the  two,  the  32.6- 
microsecond  delay  was  increased  by  229  microseconds.  The  new  261.6-microsecond 
delay  protects  the  system  from  ground  reflections  from  objects  up  to  21.5  miles 
(39.8  kilometres)  away. 

A successful  flight  test  of  the  modification  occurs  on  September  5,  1975. 
The  test  site  was  the  Yardley  VORTAC  in  Pennsylvania.  Tit  ,s  site  was  chosen 
since  earlier  flights  in  the  vicinity  of  Yardley  had  re'  dted  in  phantom  target 
tracks.  A radial  of  the  VORTAC  was  chosen  which  corref,  inded  closely  to  earlier 
flight  paths.  The  same  course  was  flown  six  times  dur  » the  test.  Three  of 
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the  runs  were  performed  with  the  261.6-microsecond  delay,  and  three  with  the 
32. 6-microsecond  delay.  The  phantom  tracks  did  not  occur  With  the  extended 
delay;  however,  during  each  run  with  the  shorter  (32. 6-miotosecond)  delay,  the 
phantom  tracks  occurred  persistently.  Extended  flights  on  later  dates  con- 
firmed that  the  modification  was  effective  since  no  phantom  tracks  occurred 
in  regions  where  they  had  previously. 


AIRCRAFT  INSTALLATION  AND  FLIGHT  TEST  INSTRUMENTATION 
AIRCRAFT  INSTALLATION 

The  three  NAVAIRDEVCEN  aircraft  provided  for  this  flight  test  evaluation 
were  the  NC-117  (BuNo  12431),  the  P-3A  (BuNo  148883),  and  the  RA-3B  (BuNo 
144833).  The  maximum  airspeed  capabilities  were  as  follows; 


NC-117 

- 160  knots 

(82  m/s) 

P-3A 

- 300  knots 

(154  m/s) 

RA-3B 

- 550  knots 

(283  m/s) 

The  performance  characteristics  of  these  aircraft  exceeded  the  limits  for 
which  the  AVOID  II  CAS  was  designed.  As  a consequence,  the  following  instructions 
for  maneuvers  in  response  to  the  pilot  display  indicator  were  followed  in  order 
to  duplicate  the  performance  of  general  aviation  aircraft: 

1.  1/4  g maneuver  (2.5  m/s2) 

2.  Hold  up  to  maximum  of  1000  fpo  until  command  is  extinguished 

3.  Level  off  with  1/4  g maneuver 

The  RA-3B  did  not  follow  these  restrictions  since  it  was  equipped  with  an 
AVOID  I.  Comparable  maneuver  values  were  1/4  g and  2000  fpu. 

Hie  NC-117  and  P-3A  installations  consisted  of  the  following  equipments: 

1.  AVOID  II  CAS 

2.  AVOID  II  Maneuver  Indicator  (in  cockpit),  CAS/VSI  indicator  at 
project  installation  location. 

3.  Digital  display  and  interface 

4.  Traffic  simulator 

5.  Kennedy  Model  1708  Digital  Tape  Recorder 

6.  Time  synchronization  system 

a.  General  Radio  1115-C  standard  frequency  oscillator 
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b.  General  Radio  1123-A  digital  synchronooeter 

c.  General  Radio  1124  WKV  receiver  and  osrilloscope 

7.  AN/ARN-84  airborne  TACAN  set 

8.  Intercontinental  Dynasties  Corporation  Type  S18-16007-V212  digitizing 
barometric  altimeter 

The  RA-3B  had  the  sane  instrunentation  but  was  equipped  with  an  AVOID  1 CAS. 

The  antenna  locations  and  cable  lengths  are  listed  in  table  I.  Outline  drawings 
of  each  aircraft,  showing  locations  of  the  upper  and  lower  CAS  antenna,  are 
provided  in  figures  7,  8,  and  9. 

DATA  AC{(UISITION 

The  principal  source  of  data  was  the  digital  incremental  tape  recorder  in 
conjunction  with  u.e  digital  interface.  The  digital  interface  accuaulated  the 
following  information  supplied  by  the  AVOID  II: 

- Target  range 

- Target  range  rate 

- TAU 

- Nuaber  of  interrogations  transmitted 

- Number  of  interrogations  received 

- Number  of  replies  received  (including  fruit  replies) 

- Threat  levels  including  intermediate  display  logic  levels 

In  addition,  the  digital  interface  acquired  the  relevant  reference  parameters 
(see  figure  10)  including  precise  time,  digitized  barometric  altitude,  and 
TACAN  range  and  bearing  at  the  end  of  each  evaluation  sequence.  The  digital 
interface  multiplexes  the  accumulated  data  into  the  buffer  of  the  incremental 
tape  recorder  and  provides  the  write  data  strobe  which  enables  the  recorder  to 
transfer  the  data  onto  tape.  The  data  format  is  shown  in  figure  11.  The  on- 
board digital  clock  system  provided  the  exact  time  of  each  Av0ID  11  processing 
and  display  sequence.  The  precision  clocks  were  synchronized  prior  to  takeoff 
to  within  a few  milliseconds.  Consequently,  data  gathered  in  different  air- 
craft could  be  compared  and  analyzed.  The  installation  interconnect  diagram 
is  shown  in  figure  12. 

At  the  conclusion  of  each  flight,  the  data  tapes  generated  on  each  air- 
craft were  processed  on  the  NAVA1RDEVCEN  CDC  6600  computer  system.  The  com- 
puter software  necessary  for  decoding,  reducing  and  analyzing  data  tapes  was 
developed  by  NAVAIRDEVCEN  engineers.  Sample  print-outs  are  shown  in  figures 
13  and  14,  with  the  nomenclature  explained  in  table  XI. 
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Figure  9.  CAS  Antenna  Locations  - P-3A. 


I 


NADC-76141-6Q 


Strobe 

Write  Select 

1 lrlLK 

Parallel  Storage  Unit 
Model-1123 

Data 

AVOIDS 

Data  Strobe 

LcUCful  KAulO  LOi 

40  Bits 

DISPLAY  A DIGITAL 

TAPE 

Addri>n 

INTERFACE 

c*rm  ox 
Record 

TACAN 

a Read 

. 

RECORDER 

DISPLAY: 

- Ready 

(7  TRACK) 

(Range  A Bearing) 

-f  Shift  CU 

Model  1708 

Data 

* Range 

_ Busy 

20  Bite 

* Range  Rate 

Kennedy 

Co. 

altimeter 

ibC  318-16007-V212 

• Twu 

Air  Data  Systca 
Intercontinental 
Dynamics 

11  Bits 

• Date 

Data  Lines 
<6) 

' 

* XXMTD 

AVOID  1 
or 

AVOID  II 

Digital 

10 

AVOID  ON  f 

• IrcVd 

. Vm.4  a 

Unrestricted 
_ Interrogations 

V CAIftAb 

• Threat 

threat,  Mas,  Seq 

- lat  Intruder 

Digital 

22 

- 2nd  Intruder 

VSI 

* Bias 

Discrete 

12 

i 

\ 

AIRCRAFT  POtfDt  

! 113  V/ 400  HZ 

\ 


Figure  10. 


Digital  Interface  Data  Transfer. 
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Figure  11.  Dlglt.al  Interface  Data  Format 
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Figure  13.  Computer  Printout  of  Data  (I). 
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Figure  14.  Computer  Printout  of  Dat»  (II). 
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TABLE  II.  COMPUTER  PRINTOUT  GLOSSARY 


A print-out  of  what  the  pilot  secs  displayed  on  his  CAS  indicator 

That  target  which  is  closest  in  range  in  the  first  altitude  band 
interrogated  containing  targets 

That  target  which  is  closest  in  range  in  the  next  altitude  band 
containing  a target 

The  slant  range  between  own  aircraft  and  intruder  aircraft  in 
thousands  of  feet  (Section  I);  mai  (Section  2) 

The  first  derivative  of  slant  range  with  respect  to  time  in  feet 
per  second  (Section  1);  knots  (Soction  2) 

The  range  divided  by  the  range  rate  > the  time  to  collision  if  two 
aircraft  are  on  a collision  course  in  seconds 

The  threat  status  of  target  No.  1 inputed  to  the  threat  logic 
matrix  the  output  of  which  is  displayed  on  the  CAS/VS1  indicator 

Examples: 

CB1  - coaltitude  below  TAU  1 
CB2  - coaltitude  below  TAU  2 

CA1  - coaltitude  above  TAU  1 

13A  - 'J1300  feet  above 

13B  - 51300  feet  below 

The  threat  status  of  target  No.  2 inputed  to  the  threat  logic 
matrix 

Own  altitude  derived  from  digitizing  barometric  altimoter-thousands 
of  feet 

The  sum  of  real,  and  simulated  target  replies  from  the  traffic 
simulator  injected  into  the  front  end  of  the  AVOID  receiver 
(representing  aircraft  replies  (fruit)  to  interrogations  other 
than  those  from  own  aircraft)  in  hundreds  of  pulses  per  second 

The  number  of  times  the  AVOID  CAS  interrogates  the  aircraft  pop- 
ulation - pulse  quads  per  second 

Tho  number  of  interrogations  received  by  the  AVOID  from  the  air- 
craft population. 

Since  the  digital  display  and  interface  contains  only  two  tracking 
channels,  it  is  desirable  to  have  the  capability  of  displaying  the 
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BIAS 


TACAN  - 
Range 


TACAN  - 
Bearing 


TABU  II.  COMPUTER  PRINTOUT  GLOSSARY  (continued) 


threat  status  of  additional  targets;  this  is  accomplished  in  the 
print -out  of  the  ALL  Threats  Data  (intermediate  display  logic) 

To  ensure  conplcmentary  vertical  maneuvers  in  a TAU  1 situation, 
when  the  altitude  separation  is  measured  as  <400  feet,  the  re- 
sponding aircraft,  which  has  assessed  the  threat,  biases  the 
altitude  with  which  he  responds  by  200  feet  in  the  direction 
of  the  escape  maneuver 

Examples: 

(♦)  own  altitude  biased  +200  feet 
(-)  own  altitude  biased  -200  feet 

Range  in  nautical  miles  to  TACAN  beacon  (air-to-ground  mode); 
range  nmi  between  aircraft  (air-to-air  mode)  to  nearest  thousandth 
of  a mile 

Bearing  in  degrees  of  the  TACAN  radial  being  flown  to  nearest 
hundredth  of  a degree  (air-to-ground  mode);  bearing  to  another 
aircraft  (air-to-air)  not  available  yet 
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FLIGHT  TEST  PLAN  SUf-MARY 

INTRODUCTION 

A NAVAIRDEVCEN  flight  plan3  contains  the  details  of  the  AVOID  II  flight 
test  plan.  The  prinary  objectives  of  these  flight  tests  were  to: 

1.  Determine  the  communication  reliability  as  well  as  the  pilot's 
display  reliability  as  a function  of  range  and  aircraft  encounter  angle. 

2.  Determine  the  range,  range  rate,  and  warning  time  accuracies. 

3.  Determine  the  effectiveness  of  the  AVOID  II  operation  in  the  presence 
of  the  simulated  air  traffic  fruit  environment  representative  of  the  1970-1990 
era. 

4.  Determine  the  effectiveness  of  the  protected  volume  provided  by  the 
AVOID  II. 

5.  Verify  the  compatibility  of  the  AVOID  II  with  the  AVOID  I in  regard 
to  communication  reliability,  proper  threat  determination,  and  the  generation 
of  the  necessary  warning  times. 

GENERAL  OPERATION  TESTS 

The  head-on  and  tail  chase  encounters  were  used  to  develop  repetitive 
data  in  order  to  obtain  the  effective  communication  range  as  a function  of 
communication  reliability.  In  addition,  they  supplied  data  which  determined 
the  warning  times  provided  by  the  AVOID  II  at  various  closing  range  rates  as 
well  as  the  alarm  display  consistency. 

Ihe  AVOID  II  transmits  pulses  at  a level  in  excess  of  54  dbm,  and  operates 
with  a receiver  sensitivity  which  is  better  than  -68  dbm.  Ihe  communication 
loop  sensitivity  between  equipments  is  therefore  greater  than  122  dbm.  This 
level  represents  an  average  communication  range  of  8.4  nmi. 

The  tracking  range  of  the  AVOID  II  is  limited  by  the  number  of  positions 
in  the  high-speed  RAM  (random  access  memory)  into  which  interrogation  responses 
are  clocked.  The  current  AVOID  II  equipment  utilizes  a 512  X 1 bit  RAM.  With 
each  bit  representing  a 50  ft  (15.2  m)  range  sector,  the  last  range  bit  cor- 
responds to  a range  of  25,600  ft  (7.8  kilometre)  or  approximately  4.2  nmi. 

With  the  present  threat  logic,  this  range  piw/ides  Tau-1  warning  times  of 
25  seconds  for  closing  rates  up  to  760  ft/sec  (231  m/s)  (450  kn) . For  other 
angles  between  flight  paths  and  various  aircraft  velocities  (250  kn  (129  m/s) 
limit  for  aircraft  below  10,000  ft  altitude),  the  hazard  radius  is  proportionately 
less.  The  AVOID  II  threat  zones  are  shown  in  figure  15  and  the  associated 
command  display  logic  is  shown  in  figure  16. 


3NAVAIRDEVCEN  Flight  Test  Plan  for  AVOID  II  CAS  Code  6071  of  March  1975. 
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NO  THREAY 


TAU I ON  TAU  2 THREAT 

(Below  band) 


TAU  I THRCAT 
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* LVS  < 600  mi 
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UP 

UVS<SOOFPM 
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CUM  A 

FLY  LEVEL 

LVS  <800  PPM 

UP 
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(Co-Altitude  above)  (Above  band) 

* LVS  - Limited  Vertical  Speed 
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DOWN 


CUM! 


NO  THRCAT 


Figure  16.  Command  Display  Logic. 
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ALTITUDE  BOUNDARIES  AND  ALTITUDE  DISCRIMINATION  TESTS 


The  main  objective  of  these  encounters  was  to  determine  the  ability  of  the 
AVOID  II  to  define  altitude  bands  and  the  reliability  of  the  altitude  discrim- 
ination in  the  vicinity  of  altitude  threat  zone  boundaries.  In  particular, 
these  encounters  should  verify  that  the  equipment  can  distinguish  relative 
altitude  to  the  accuracy  necessary  for  effective  intruder  threat  analysis 
as  well  as  provide  the  proper  warning. 

The  AVOID  II  CAS  classifies  the  target  on  the  basis  of  the  replies  that 
the  aircraft  receives  in  response  to  its  altitude-coded  interrogations.  Inter- 
rogations are  sequentially  biased  to  determine  occupancy  of  a threat  status  band. 
This  is  possible  because  aircraft  respond  only  to  interrogations  of  bands  which 
include  their  altitude. 

The  AVOID  II  altitude  threat  zones  are  shown  in  figure  17.  The  AVOID  II 
classifies  threats  as  a result  of  replies  to  the  interrogation  pattern  shown 
in  figure  18.  The  co-altitude  interrogations  determine  whether  threatening 
aircraft  are  within  ±600  ft  (±183  m)  relative  altitude.  It  is  necessary  that 
the  equipment  be  capable  of  distinguishing  this  boundary  both  accurately  and 
consistently.  Poor  resolution  of  either  the  ±600  ft  or  ±400  ft  (±122  m)  rela- 
tive altitude  boundaries  would  result  in  an  unstable  situation  in  which  the 
pilot's  display  would  alternate  between  commands  (DIVE  or  CLIMB)  and  advisories 
(LIMIT  VERTICAL  SPEED) . 

COMPATIBILITY  TESTS 

The  objective  of  this  type  of  flight  was  to  verify  the  compatibility  of  the 
AVOID  I and  AVOID  II.  In  particular,  ascertain  the  ability  of  the  equipments 
to  communicate  reliably  while  having  different  communication  ranges,  and  verify 
the  compatibility  of  the  different  Tau  zone  thresholds. 

Due  to  the  greater  communication  range  (i.e.  58  to  62  dbm  power  output)  of 
the  AVOID  I,  the  AVOID  II  will  normally  receive  responses  to  its  interrogations 
when  an  AVOID  I equipped  aircraft  is  within  the  tracker  bin  correlation  range 
of  the  AVOID  II  (25,600  ft  (7.8  km)  or  4.2  nmij.  Since  the  AVOID  II  transmits 
its  replies  and  interrogations  at  a level  about  4-dbm  below  an  AVOID  I unit, 
the  communication  range  will  consequently  be  less  than  the  link  between  two 
AVOID  I equipped  aircraft.  The  compatibility  flight  tests  will  determine  if  the 
reduced  communication  range  adversely  affects  the  effective  protected  volume 
of  an  AVOID  I equipped  aircraft. 

Since  the  AVOID  II  does  not  expand  its  relative  altitude  coverage  when 
ascending  or  descending,  the  possibility  of  an  AVOID  II  equipped  aircraft 
ascending  or  descending  into  the  proximity  of  an  AVOID  I equipped  aircraft 
without  sufficient  warning  time  for  one  or  both  aircraft  must  also  be  inves- 
tigated. Another  aspect  of  compatibility  between  AVOID  I and  AVOID  II  is  the 
effectiveness  of  their  combined  threat  zones.  It  is  necessary  that  the  AVOID  II 
threat  zones  result  in  maneuvers  which  do  not  detract  from  the  safety  margin 
provided  by  the  implementation  of  ANTC-117  threat  zones  in  the  AVOID  I.  The 
AVOID  I threat  zones  are  shown  in  figure  19. 
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COMMUNICATION  RANGE  AND  RELIABILITY  TESTS 

The  objective  of  this  type  of  flight  was  to  determine  the  effective  communi- 
cation range  and  reliability  as  a function  of  encounter  angle.  This  data  was 
then  compared  with  the  data  accumulated  during  flight  tests  of  the  AVOID  I system. 
The  AVOID  I and  AVOID  II  should  have  similar  patterns.  There  may  be  some  dif- 
ferences in  the  AVOID  II  pattern  since  all  signals  are  transmitted  through  both 
antennas.  The  AVOID  I replies  through  both  antennas  only  when  the  received 
interrogations  are  below  a specific  signal  level. 

The  communication  range  was  expressed  as  a function  of  the  level  of  communi- 
cation reliability.  The  number  of  tracking  sequences  which  occur  during  each 
encounter  were  determined  and  compared  with  the  number  of  successfully  completed 
tracks.  The  ranges  at  which  various  communication  reliabilities  were  achieved 
could  then  be  accumulated. 

the  communication  reliability  for  various  encounter  angles  wa  uetermined 
for  threatening  target  tracks.  Cn  addition,  separato  reliabilities  for  the 
CAS  display,  Tau-1  threat  zone,  and  Tau-2  threat  zone  were  compiled.  Figure  19 
shows  the  encounter  pattern  which  was  flown  to  establish  the  communication  range 
and  reliability  of  the  AVOID  II. 

SENSOR  ACCURACY  TESTS 

In  order  to  achieve  a high  probability  of  no  missed  alarms  and  to  minimize 
false  alarms,  the  AVOID  II  equipment  must  be  able  to  measure  the  range  rate  of 
and  range  to  intruders  with  the  following  effective  accuracies; 

Range:  Mean  error  less  than  300  ft  (91  m) 

Standard  deviation  less  than  300  ft  (91  m) 

Range  rate:  Mean  error  less  than  10  kn  (5.1  m/s) 

Standard  deviation  less  than  30  kn  (15.4  m/s) 

During  tests  of  the  AVOID  II  Tau  threat  processing  accuracy,  the  minimum  instru- 
mentation accuracy  of  the  ground  track  was: 

Range:  50  ft  (1  sigma)  (15.2  m) 

Range  rate:  2 kn  (1  sigma)  (1.03  m/s) 

Due  to  the  nature  of  the  AVOID  CAS  signal  processing,  the  presence  of  random 
reply  signals  can  affect  th<  accuracy  of  the  Tau  threat  processing.  The  result 
is  that  an  intruder  sometimes  appears  to  be  a more  severe  Tau  threat  (lower  Tau) . 
This  means  that  with  significant  amounts  of  random  reply  and  interrogation 
signals  injected  into  the  r-f  link,  intruders  will  appear  to  have  slightly 
larger  range  rates.  The  magnitude  or  severity  of  this  effect  can  be  determined 
by  injecting  random  signals  (AVOID  replies  and  interrogations)  representative 
of  various  air  traffic  situations,  including  the  worst  case  density  of  the 
Mitre  model  (or  snapshot)  of  the  Los  Angeles  area  for  1982. 
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BASIC  ENCOUNTER  PATTERN 

In  order  to  accomplish  the  objectives  of  the  AVOID  II  flight  test  evaluation, 
different  aircraft  encounter  patterns  were  devised.  The  patterns  were  designed 
to  test  the  Tau  threat  processing,  altitude  zone  boundaries  and  altitude  dis- 
crimination, compatibility  of  AVOID  II  with  AVOID  I,  and  the  communication 
range  and  reliability.  Normally  this  involved  synchronization  of  the  partici- 
pating aircraft  by  the  specification  of  air  speed,  altitude,  heading,  and  range 
and  bearing  from  a TACAN  ground  station.  In  order  to  simplify  the  synchroniza- 
tion process  as  well  as  provide  a basis  for  relatively  controlled  encounter 
situations,  two  flight  profiles  ware  developed  in  reference  to  a TACAN  ground 
station.  One  outline  is  that  of  a figure  8 and  the  other  is  that  of  a daisy. 

The  figure  8 is  accomplished  in  the  following  manner:  an  aircraft  flies 

inbound  to  the  station  from  the  west  with  a TACAN  bearing  of  90  degrees, 
passes  the  TACAN  ground  station,  continues  eastward  with  a bearing  of 
270  degrees  until  reaching  a predetermined  range  outbound  at  which  time  the 
aircraft  executes  a 180-degree  left  turn,  which  positions  the  aircraft  on  a 
radial  displaced  15  degrees  from  the  previous  radial.  At  this  time  the  TACAN 
bearing  is  255  degrees.  Again  the  aircraft  flies  inbound,  crosses  over  the 
TACAN  ground  station,  and  continues  outbound  now  with  a TACAN  bearing  of  75 
degrees.  However,  after  reaching  the  predetermined  distance  from  the  TACAN 
station,  the  aircraft  now  executes  a 180-degree  right  turn  and  resumes  its 
original  course  eastward  with  the  90-degree  TACAN  bearing.  Figure  20  shows 
an  east/west  oriented  figure  8.  The  predetermined  turn  distances  are  dependent 
upon  the  air  speeds  of  the  aircraft  involved,  and  can  be  adjusted  during  flight 
to  compensate  for  wind  conditions.  The  daisy  pattern  is  accomplished  in  a 
fashion  similar  to  the  figure  8.  Unlike  the  figure  8,  the  daisy  pattern  con- 
sists of  successive  180-degree  left  turns  which  position  the  aircraft  15  degrees 
fror,  the  previous  radial.  When  the  two  patterns  are  combined  (with  an  altitude 
separation  to  insure  safety  of  flight),  the  encounters  occur  in  pairs,  each 
pair  being  displaced  by  30  degrees  from  the  previous  pair.  Head-on  encounters 
are  considered  fo  be  180-degree  encounters  and  tail  chases  are  considered  to 
be  0-degree  encounters.  Figure  21  shows  the  daisy  pattern  superimposed  over 
a figure  8 and  lists  the  angles  involved  during  the  first  13  encounters  of  the 
full  24  encounter  daisy. 

When  three  aircraft  participated  in  collision  encounters  two  of  the  air- 
craft flew  figure  8 patterns  displaced  by  180  degrees  (head-on),  while  the 
third  aircraft  (P-3A)  flew  a daisy  pattern.  Thus,  the  P-3A  generated  the 
complete  set  of  encounter  angles  with  each  of  the  other  two  aircraft,  while 
they  flew  repeated  180-degree  encounters  with  each  other. 

SIMULATED  AIR  TRAFFIC  ENVIRONMENT  DURING  FLIGHT  TESTS  . 

The  results  of  the  study  conducted  by  Honeywell  to  determine  the  inter- 
rogation and  fruit  rates  expected  in  the  Los  Angeles  Basin  in  1982  are  shown 
in  table  III.  In  determining  these  values  the  following  assumptions  were 
made: 


1.  All  IFR  aircraft  were  equipped  with  the  AVOID  I CAS  (ANTC-I17), 
approximately  15  percent  of  total. 
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2.  VFR  aircraft  were  equipped  with  the  AVOID  II,  approximately  85  percent 
of  total. 

The  baseline  air  traffic  model  used  was  Snapshot  1,  as  described  in  the  Mitre 
Corporation  Report5.  This  model  contains  a total  of  743  aircraft.  Based  upon 
this  environment  and  the  communication  ranges  of  the  AVOID  I and  AVOID  II,  the 
average  interrogation  rates  (transmitted  and  received)  for  each  equipment  were 
calculated.  The  transponder  blockage  and  false  alarm  rates  were  then  estimated 
from  received  fruit  and  interrogation  rates.  These  values  are  presented  in 
table  IV. 

During  the  majority  of  flight  tests  of  the  AVOID  II,  the  traffic  simulators 
aboard  the  aircraft  were  set  to  yield  fruit  and  interrogation  rates  consistent 
(as  close  as  possible)  with  the  values  determined  by  Honeywell.  These  values 
are: 


Interrogations 
Per  Second 

AVOID  I 1536 

AVOID  II  1536 


Replies  (Switch  Setting) 
Per  Second 

— 70,000  (64,000) 
—40,000  (32,000) 


COMMUNICATION  RELIABILITY 


INTRODUCTION 

The  reliability  of  the  information  displayed  to  the  pilot  is  a highly  sig- 
nificant factor  in  determining  the  effectiveness  of  a collision  avoidance  system. 
The  display  reliability  is  a direct  result  of  the  communication  reliability. 

In  order  to  enhance  the  reliability  of  the  pilot's  display  indications,  the 
AVOID  II  equipment  utilizes  a display  logic  which  requires  two  consecutive  and 
consistent  threat  evaluations  in  order  to  generate  a change  on  the  pilot's 
display.  That  is,  the  results  of  the  threat  processing  during  successive 
rounds  of  communication  are  compared.  If  the  target  threat  levels  identified 
are  the  same,  and  the  intruder  tracking  measurements  occurring  during  the 
separate  sequences  correlate  in  range,  then  an  enable  signal  is  generated 
allowing  an  advisory  or  command  to  be  displayed  to  the  pilot.  Similarly, 
in  order  to  extinguish  the  pilot's  display,  the  threat  level  identifications 
must  be  absent  for  two  successive  communication  sequences,  resulting  in  the 
generation  of  a signal  which  resets  the  pilot's  display.  This  display  logic 
precludes  the  generation  of  threat  indications  resulting  from  two  fruit  tracks 
(false  alarm)  or  one  fruit  track  followed  by  a legitimate  track  (early  alarm) . 

In  addition,  the  display  reliability  is  not  affected  by  single  failures  in 
communication  or  processing.  The  success  of  the  tracking  and  the  threat 
processing  on  an  individual  communication  round  basis  are  nevertheless  the 
important  parameters  in  evaluating  the  reliability  of  the  collision  avoidance 


Statistical  Summary  of  the  1982  Los  Angeles  Basin  Standard  Traffic  Model. 
April  1973.  MTR-6387. 
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TABLE  IV.  PREDICTED  AVOID  CAS  OPERATION  IN  DENSE  TRAFFIC  ENVIRONMENT 


AVOID-I 

AVOID-II 

Average  Interrogations 
Transmitted  per  second 

11.0 

9.4 

Average  Interrogations 
Received  per  second 

2158 

1240 

Fruit  Pulses  Received 
per  second 

78,715 

47,592 

Probability  of  Response 
(single  Interrogation) 

0.92815 

0.96000 

Probability  of  Response 

(one  or  more  of  three  interrogations) 

0.99963 

0.99993b 

Probability  of  Detecting  Threat 
(First  Set) 

20.983 

30.995 

Probability  of  Detecting  Threat 
(Remaining  Sets) 

“0.997 

30.9995 

Probability  of  False  Alarm 
(per  altitude  band  per  sequence) 

6.325  X 10“8 

7.12  X 10"U 

Hours  per  False  Alarm 
(all  bands) 

8000 

7.2  X 106 

Hours  per  ^alse  Alarm 
(co- altitude) 

1.3  X 106 

1.2  X 109 

Notes:  1)  These  reatlts  are  based  on  an  aircraft  at  an  altitude  of  5000  feet 

in  the  highest  density  region  of  the  Los  Angeles  Basin  with  the 
loop  sensitivity  2 db  above  nominal. 

2)  The  probability  of  an  AV01D-I  or  an  AVOID-II  detecting  an  AVOID-I. 

3)  The  probability  of  an  AVOID-I  or  an  AVOID-II  detecting  an  AVOID-I 1. 
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system,  since  the  display  logic  is  completely  dependent  on  the  threat  evalua- 
tions and  associated  range  measurements. 

The  communication  reliability  was  established  on  the  basis  of  operational 
accuracies  during  each  individual  round  of  communications  once  the  aircraft 
attained  the  communication  ranft  of  the  collision  avoidance  equipments. 

Although  the  AVOID  II  transmitl  >r  power  combined  with  its  receiver  sensitivity 
yields  a communication  range  of  approximately  8.4  nautical  miles  (15.6  kilo- 
metres) between  two  AVOID  II  equipped  aircraft,  the  range  measurement  devices 
employed  in  the  hardware  allowed  the  evaluation  of  aircraft  responses  originating 
within  a range  of  4.2  nautical  miles  (7.8  km).  The  effects  of  this  communication 
range  on  warning  times  are  discussed  in  more  detail  in  the  next  section  titled 
"AVOID  I - AVOID  II  COMPATIBILITY." 

A communication  round  consists  of  the  successive  interrogation  sets  (one  set 
each  0.5  second)  during  a 3.5-second  period  together  with  the  response  processing 
which  occurs  at  the  end  of  the  interrogation  sequence.  An  interrogation  set  as 
performed  by  the  AVOID  II  occurs  every  0.5  second  and  spans  a total  of  2500 
feet  (762  m)  of  altitude.  Each  set  consists  of  several  interrogations  of 
overlapping  1300-foot  (396  m)  altitude  bands.  The  sequence  of  interrogations 
for  an  AVOID  II  equipment  is  shown  in  figure  22.  The  basic  interrogation  bands 
are  the  I (+6)  and  the  I (-6).  Together  they  span  the  total  2500-feet  (762  m) 
of  altitude  covered  by  the  AVOID  II.  Their  primary  function  is  the  detection 
of  aircraft  within  tracking  range.  The  I (4-6)  interrogations  are  coded  to 
illuminate  aircraft  within  -50  feet  and  +1250  feet  of  altitude  relative  to  the 
interrogating  aircraft's  altitude.  Similarly  the  I (-6)  interrogations  cover 
a band  from  +50  feet  to  -1250  feet  of  relative  altitude.  Upon  receipt  of  replies 
correlated  in  range  during  the  first  three  interrogation  sets  of  the  full  3.5- 
secund  sequence,  additional  altitude  bands  are  interrogated.  The  additional 
bands  are  coded  to  permit  resolution  of  the  various  altitude  threat  zone 
boundaries  to  within  the  required  100  feet.  The  additional  bands  are  referred 
to  as  the  I (0),  the  I (+4),  and  the  I (-4).  Successive  responses  to  the  I (0) 
band  interrogations,  which  cover  -650  feet  (198  m)  to  +650  feet  of  relative 
altitude,  result  in  the  identification  of  a potential  coaltitude  threat. 

Similar  responses  to  either  the  I (+4)  or  I (-4)  band  interrogations  in  addition 
to  the  I (0)  band  interrogations  indicate  that  a threatening  aircraft  is  within 
+400  feet  (122  m)  or  -400  feet  relative  altitude  respectively,  and  that  altitude 
biasing  in  the  direction  of  an  impending  maneuver  is  required*.  Successful 
communication  of  aircraft  altitude  is  dependent  upon  the  reliable  reception  of 
responses  to  the  five  I (0),  I (+4),  and  I (-4)  interrogation  triplets  each 
sequence . 

The  quantity  used  as  a measure  of  the  communication  reliability  was  the 
number  of  successfully  completed  rounds  divided  by  the  total  number  of  rounds 
which  should  occur  during  an  encounter  between  two  aircraft.  Reliabilities  of 
this  sort  were  determined  for  the  various  levels  of  threat  processing  associated 
with  the  different  aspects  of  the  flight  test  encounters.  Reliabilities  were 
normally  distinguished  on  the  basis  of  initial  altitude  separation,  tau  threat 


‘'Air  Transport  Association  of  America  ANTC  Report  No.  117,  Revision  10,  of 
27  September  1971  - Airborne  Collision  Avoidance  Requirements. 
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Figure  22.  AVOID  II  Altitude  Band  Interrogation  Sequence. 
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status,  and  encounter  angle.  Variations  in  communication  reliabilities  as  a 
function  of  tau  threat  status  and  encounter  angle  were  the  result  of  changing 
signal  strength  and  possible  antenna  interference  effects.  Variations  in 
communication  reliability  as  a function  of  altitude  separation  were  the 
result  of  the  additional  number  of  successful  responses  required  for  co- 
altitude (within  ±600  feet  (198  m)  altitude)  threat  identifications  and 
co-altitude  requiring  bias  (within  ±400  feet  (122  n)  altitude)  threat 
identifications. 

In  order  to  detect  a co-altitude  aircraft,  responses  to  the  I (0)  and 
either  the  I (±6)  or  the  I (-6)  band  interrogations  must  be  received  successfully 
during  the  3.5-second  interrogation  sequence.  Identification  of  a nonco-altitude 
aircraft  requires  only  the  successful  reception  of  either  the  I (-6)  or  the  1 (.+6) 
interrogation  band  responses,  depending  on  the  relative  altitude  of  the  aircraft 
[i  (-6)  for  aircraft  up  to  1200  feet  below  and  I (±6)  for  those  up  to  1200  feet 
(365.8  m)  above.]  Nonco-altitude  threats  thus  have  the  least  stringent 
requirements  for  success.  Equal  altitude  detection  will  have  a lower  reliability 
for  equivalent  circumstances  since  responses  to  all  interrogation  bands  [i  (+6), 

I (-6),  I (0),  I (+4)  and  I (-4)]  are  necessary. 

It  is  necessary  to  evaluate  the  ability  of  a collision  avoidance  equipment 
to  provide  the  pilot  with  correct  information,  from  the  maximum  tracking  range 
up  to  the  closest  point  of  approach,  when  no  evasive  action  is  taken  or  up  to 
the  clear  point  when  evasive  maneuvers  are  employed.  In  regard  to  tau  threat 
status  (range  divide  by  closure  rate),  the  data  was  grouped  into  two  main 
categories;  one  was  the  tau-1  threat  situations  resulting  in  commands,  and  the 
other  was  the  tau-2  threat  situations  resulting  in  vertical  speed  limitations 
(advisories).  In  addition,  the  reliability  of  the  overall  target  tracking  was 
established  for  comparison  with  the  individual  threat  zones.  After  discussing 
the  separate  results  of  AVOID  II  versus  AVOID  II  flights,  a summary  of  all  the 
reliability  results  is  presented,  indicating  the  overall  performance  character- 
istics of  the  AVOID  II. 

AVOID  II  VS  AVOID  II  ENCOUNTERS 

This  section  discusses  the  round  and  display  reliabilities  established  during 
flight  encounters  between  the  NC-117  and  the  P-3A  aircraft.  Both  aircraft  were 
equipped  with  the  AVOID  II  system.  The  major  portion  of  the  data  was  accumulated 
during  execution  of  the  daisy  flight  test  pattern.  The  daisy  pattern  was  des- 
cribed previously  in  the  section  titled  "Flight  Test  Plan  Summary."  Additional 
information  was  collected  during  flights  which  consisted  of  head-on  and  tail 
chase  encounters. 

With  the  exception  of  flight  1,  all  flights  were  conducted  with  a simulated 
air  traffic  environment  in  excess  of  Honeywell  predictions  for  the  AVOID  CAS  in 
the  Los  Angeles  Basin  in  1982.  Duting  flight  1,  head-on  encounters  were  flown 
without  fruit,  with  the  fruit  predicted  for  the  Los  Angeler  Basin  in  1982,  and 
with  almost  twice  the  predicted  amount.  The  predictions  for  the  AVOID  II 
environment  specify  1536  random  interrogations  per  second  and  about  40,000 
random  replies  per  second.  A portion  of  flight  1 was  conducted  with  more  than 
64,000  random  replies  per  second  injected  at  the  antenna  port  of  each  AVOID  II 
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equipment.  Table  V contains  the  round  reliability  and  display  reliability 
results  for  flight  1.  The  first  four  encounters  were  flown  with  an  altitude 
separation  of  1000  feet  (305  a)  while  equipnent  operation  was  verified;  the 
remaining  head-on  encounters  were  flown  with  an  altitude  separation  of  less  than 
600  feet  (183  m).  Aboard  the  P-3A  during  the  ninth  encounter,  an  intermittent 
malfunction  occurred  in  which  the  equipment  did  not  initiate  interrogations  but 
did  respond  to  the  interrogations  of  the  other  aircraft.  The  problem  was  later 
corrected  by  the  replacement  of  several  possibly  defective  components.  During 
flight  1,  eight  tail  chase  encounters  were  flown  at  the  various  altitude  separa- 
tions shown  in  order  to  test  the  ability  of  the  AVOID  II  equipment  to  accurately 
identify  the  altitude  threat  zones.  The  higher  fruit  conditions  generated 
during  part  of  the  test  had  no  apparent  effect  on  the  system  operation.  This 
result  was  consistent  with  the  results  obtained  during  laboratory  testing,  which 
showed  successful  AVOID  II  operation  at  fruit  levels  at  least  twice  those  pre- 
dicted for  the  Los  Angeles  Basin  in  1982. 

The  round  reliability  for  head-on  encounters  at  different  closing  rates  is 
compared  in  table  VI,  which  shows  the  results  obtained  during  flight  2 on 
June  30,  1975.  The  head-on  encounters  during  flight  2 were  conducted  with  an 
initial  altitude  separation  of  less  than  500  feet  (152  m) . The  majority  of 
encounters  were  started  with  a 400-foot  (122  m)  altitude  separation,  which 
required  the  equipment  to  generate  an  altitude  bias.  Eight  encounters  were 
flown  with  air  speeds  which  resulted  in  closure  rates  of  approximately  350  knots 
(180  m/s),  and  another  eight  were  flown  with  speeds  resulting  in  425-knot  (219 
m/s)  closure  rates.  During  the  head-on  co-altitude  encounters,  collision  avoid- 
ance maneuvers  displayed  to  the  pilot  by  the  equipment  were  performed.  Data 
accumulated  aboard  the  NC-117  is  not  included  in  the  figures.  It  was  not  possible 
to  include  the  NC-117  data  pertaining  to  flight  2 due  to  a failure  of  the  digital 
tape  recorder  aboard  the  NC-117  during  the  flight.  In  addition  to  the  head-on 
encounters,  tail  chase  encounters  were  again  flown  to  determine  the  ability  of 
the  AVOID  II  to  identify  altitude  threat  zones.  Tail  chase  encounters  were 
ideal  for  altitude  boundary  tests,  since  the  aircraft  remained  within  communi- 
cation range  for  a longer  period  of  time  and  the  flight  parameters  werd  easier 
to  control  due  to  the  reduced  closure  rates  involved. 

The  various  reliabilities,  as  a function  of  encounter  angle,  during  flight  3 
on  July  1,  1975  are  shown  in  table  VII.  Initial  altitude  separation  for  all 
encounters  during  flight  3 was  less  than  500  feet  (152  m).  The  closure  rates 
varied  from  approximately  360  knots  (185  m/s)  at  the  head-on  or  180-degree 
encounter  angle  to  approximately  60  knots  (31  m/s)  at  the  tail  chase  or 
0-degree  encounter  angle.  The  reduced  number  of  tracks  which  occur  at  the 
larger  encounter  angles  is  the  direct  result  of  the  relatively  short  amount  of 
time  the  two  aircraft  spend  within  communication  tracking  range,  which  is 
limited  to  4.2  nautical  miles  (7.8  km),  and  is  not  the  result  of  differences 
in  communication  link  sensitivity  or  antenna  patterns.  A problem  similar  to 
that  which  occurred  during  flight  2 resulted  in  a lack  of  flight  data  aboard 
the  NC-117  during  flight  3. 

During  flight  3,  the  display  reliability  was  100  percent.  That  is,  the 
correct  indication  was  displayed  to  the  pilot  every  round  during  all  encounters 
flown.  The  round  target  tracking  reliability  was  100  percent  for  all  encounters 
flown  with  the  exception  of  the  <-60,  *30,  -30,  and  -120  degree  encounter  angles. 
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TABLE  V.  INTRUDER  TRACKING  AND  DISPLAY  RELIABILITY,  FLIGHTS  1 § 2 


Intruder 

Display  Reliabilit y Tracking  Reliabili ty 


P-3A 

Flight  1 

381  ^ 

381 

1.00 

888 

899 

0.988 

NC-117 
Flight  1 

186 

188 

0.989 

454 

464 

0.978 

P-3A 
Flight  2 

600 

603  " 

0.995 

911 

925 

0.985 

TABLE  VI.  INTRUDER  TRACKING  RELIABILITY  DURING 
HEAD-ON  ENCOUNTERS  AT  DIFFERENT  CLOSURE  RATES 


Mean  Range  Rate  (knots)  360  430 


P-3A 

Flight 

1 

a 

ojo 

rr  irf 

1.00 

55 

55  3 

1.00 

NC-117 

Flight 

1 

40 

40  " 

1.00 

63 

65  = 

0.969 

P-3A 

Flight 

2 

70 

70  * 

1 .00 

39 

40  “ 

0.975 

Total 

150 

ISO 

1.00 

157 

160  ' 

0.981 
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TABLE  VII.  COMMUNICATION  RELIABILITY  AS  A FUNCTION 
OF  ENCOUNTER  ANGLE,  FLIGHT  5,  P-3A 
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The  poorest  round  reliability  which  occurred  was  86.5  percent  at  the  430-degree 
encounter  angles.  The  overall  round  reliability  for  all  encounters  of  flight  3 
without  regard  to  encounter  angle  was  97.0  percent.  The  Tau-1  and  Tau-2  co- 
altitude reliabilities  were  100  percent  except  for  the  -90-degree  encounter 
angle  for  Tau-1  threats  and  the  -120-degree  encounter  angle  for  Tau-2  co-altitude 
threats.  The  overall  Tau-1  and  Tau-2  co-altitude  reliabilities  were  99.2  and 
98.9  percent  respectively. 

In  a similar  manner,  tables  VIII  through  XII  show  the  communication  relia- 
bilities established  during  flight  4 on  July  2 and  f’ight  5 on  July  3 of  1975. 
Flight  4 was  designed  to  collect  reliability  data  as  a function  of  encounter 
| angle.  Flight  5 consisted  of  a daisy  encounter  pattern  and  additional  tail 

; chase  encounters  in  order  to  obtain  more  data  in  regard  to  the  AVOID  II  ability 

to  determine  altitude  separation  for  accurate  threat  evaluation.  Initial 
altitude  separation  during  the  daisy  portions  of  both  flights  was  400  feet 
(122  m)  with  a few  exceptions  when  the  separation  was  500  feet  (152  m) . 

The  display  reliability  during  flight  4 was  100  percent  for  all  encounter 
angles  except  the  90-degree  encounter  angle  for  the  NC-117  and  the  -60-degree 
encounter  angle  for  the  P-3A.  The  overall  display  reliabilities  without  regard 
to  encounter  angle  were  99.3  percent  for  both  the  NC-117  and  the  P-3A.  The 
round  reliability  aboard  the  NC-117  for  flight  4 is  shown  at  the  top  of 
table  IX.  The  corresponding  round  reliability  results  which  occurred  aboard 
the  P-3A  are  shown  below  those  of  the  NC-117.  The  poorest  round  reliability 
during  flight  4 occurred  at  *»>e  -60-degree  encounter  angle  which  resulted  in 
a 91.3  percent  reliability,  'he  overall  round  reliability  without  respect  to 
! encounter  angle  was  95.6  percent  for  the  NC-117  and  95.8  percent  for  the  P-3A. 

The  Tau-1  and  Tau-2  coaltitude  reliabilities  as  a function  of  encounter 
; angle  for  flight  4 are  shown  in  table  X.  These  reliabilities  during  flight  4 

were  100  percent  for  all  encounter  angles  except  for  the  90-degree  encounter 
angle  aboard  the  NC-117.  The  overall  Tau-2  reliability  for  both  aircraft  was 
100  percent.  The  overall  TAU-1  reliability  was  100  percent  aboard  the  P-3A 
and  99.0  percent  aboard  the  NC-117. 

I Flight  5 consisted  of  daisy  encounter  angles  between  180  degrees  and  0 degrees, 

wid  did  not  include  the  additional  anjles  from  -30  degrees  to  -150  degrees.  The 

{ display  reliability  for  flight  5 was  100  percent  for  all  encounter  angles  except 

[ the  120-degree  encounters  aboard  the  NC-117  and  the  90-degree  encounters  aboard 

i the  P-3A.  The  overall  display  reliability  without  regard  to  encounter  angle 

| was  96.6  percent  aboard  the  NC-117  and  98.4  percent  aboard  the  P-3A.  Both  the 

; display  reliability  and  round  reliability  figures  are  contained  in  table  XI. 

1 As  indicated,  the  round  reliability  during  flight  5 was  100  percent  for  the 

i 180- , ISO-,  and  120-degree  encounter  angles.  The  reliability  during  the 

| ’ remaining  encounter  angles  was  less  with  the  poorest  round  reliability  being 

' 86.7  percent  during  the  90-degree  encounters  aboard  the  P-3A.  The  overall 

! round  reliabilities  without  regard  to  encounter  angle  for  flight  5 were  93.9 

: percent  for  the  NC-117  and  94.7  percent  for  the  P-3A.  The  closest  point  of 

1 approach  during  the  30-degree  encounters  was  not  small  enough  to  generate  a 

Tau-2  or  Tau-1  threat,  with  the  result  that  no  pilot  display  indications  were 
i required.  Consequently,  the  tables  which  list  the  various  reliabilities  during 

; flight  5 contain  only  round  reliability  data  for  the  30-degree  encounter  angles. 
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TABLE  VIII.  DISPLAY  RELIABILITY  AS  A FUNCTION 
OF  ENCOUNTER  ANGLE,  FLIGHT  4,  P-SA  VS  NC-117 
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TABLE  IX.  ROUND  (INTRUDER  TRACKING)  RELIABILITY  AS  A FUNCTION 
OF  ENCOUNTER  ANGLE,  FLIGHT  4 
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TABLE  XI.  DISPLAY  AND  INTRUDER  TRACKING  RELIABILITY  AS  A FUNCTION 

OF  ENCOUNTER  ANGLE,  FLIGHT  5 
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table  xii.  tau-i  and  tau-2  evaluation  reliabilities  as  a function 

OF  ENCOUNTER  ANGLE,  FLIGHT  S 


NADC-76141-60 


o 

tO 


«l«o 


I © 

o 


to 


1*0  o 


o 

o 


(N 

I 

g 


o> 


si 


© 

to 


DO 

3 


- 56  - 


K 

to 

i 

O. 


o 

© 


o 

© 


to 
. *o 
O N 00 


I O 

00  1 00  o 


I © 

© o o 


co  loo  o 


© 

I 00 
00 1©  00 


00 


loo  S 


, © 
o o © 


o 

, LO 

©loo  t-~ 


I 

H 


©I© 

LO  I tO 


o 

<N 


at 
, o 

O »-4  © 


i— * s 

il-t  • 


to 

1 *0 
to  © 00 


I © 

©I©  © 


<NI 

I 

< 

H 


00 

to 

at 


si 


04 

to 


o 

LO 


©I©  o 


©I©  o 


tolto  © 


Xtltt  © 


I 

u 

z 


© 

4t 

a> 


o 

oo 


. © 
©I©  © 


- rt 
I i-4 


o 

o 


tolto  § 


o 


t 

3 

H 


to  © 

tfi  LO 


« 

i-4 

00 

5 

14 


o 

c 

tu 


•H 

-4  ■§ 
t I *H 

-4  a »-t 

-4  < «> 
HOC 

as 


4-»  X 

IS 

O -4 
U •!-( 


■8 


a 5 

7H 

a. 


♦J  X 

33 

«n  io 

t-«  t >h 

^4  3 l-l 
«-<  < 4> 

SB 


*J  X 

*3 

35 

<N  ■§ 


I 

Cl 


H oc 


X 

•H 


—4  "§ 

g 5 
£2 
o 


."wjpBSSU" 


NA1  >076141-60 


Table  XII  shows  the  Tau-1  and  Tau-2  co-altitude  reliabilities  as  a function 
of  encounter  angle  for  flight  S.  The  overall  Tau-1  reliability  was  100  percent 
for  the  P-3A  and  94.6  percent  for  the  NC-117.  The  overall  Tau-2  co-altitude 
reliability  was  94.4  percent  for  the  P-3A  ahd  93.8  percent  for  the  NC-117. 

Flight  8 consisted  of  a daisy  encounter  pattern  involving  three  aircraft. 
Table  XIII  contains  the  display  and  round  reliability  results  as  a function  of 
encounter  angle.  The  reliabilities  shown  are  the  results  of  communications 
between  the  two  AVOID  II  equipped  aircraft  participating  in  the  flight.  The 
NC-117  and  P-3A  were  equipped  with  the  AVOID  II  CAS  equipment  while  the  RA-3B 
was  equipped  with  an  AVOID  I CAS.  Additional  information  regarding  this  three 
aircraft  encounter  pattern  is  contained  in  the  section  which  discusses  AVOID  II 
AVOID  I compatibility. 

The  AVOID  I equipped  RA-3B  flew  a figure  8 pattern  at  an  altitude  of 
10,500  feet,  the  P-3A  flew  the  daisy  pattern  at  an  altitude  of  9,700  feet,  and 
the  NC-117  flew  a figure  8 pattern  at  an  altitude  of  9,300  feet  which  resulted 
in  head-on  or  180-degree  encounter  angles  with  respect  to  the  RA-3B.  Maneuver 
indications  displayed  to  the  pilots  by  the  CAS  equipments  during  flight  8 were 
not  followed. 

The  display  reliabilities  were  100  percent  for  all  encounter  angles  aboard 
the  P-3A  and  100  percent  for  all  encounter  angles  except  the  -90-degree  en- 
counter angle  aboard  the  NC-117.  The  overall  display  reliability  without 
regard  to  encounter  angle  during  flight  8 was  99.7  percent  for  the  NC-117 
and  100  percent  for  the  P-3A.  The  poorest  round  reliability  during  flight  8 
occurred  during  the  tail  chase  encounters.  Aboard  the  NC-117,  the  tail  chase 
round  reliability  was  89.3  percent  while  the  overall  round  reliability  without 
regard  to  encounter  angle  was  96.9  percent.  Aboard  the  P-3A,  the  tail  chase 
round  reliability  was  91.2  percent  and  the  overall  round  reliability  was 
96.8  percent. 

Flight  8 Tau-1  and  Tau-2  coaltitude  threat  evaluation  reliabilities  as 
a function  of  encounter  angle  are  shown  in  table  XIV.  The  Tau-1  relia- 
bilities aboard  the  NC-117  wore  100  percent  with  the  exception  of  the  150- 
degree  encounter  angle.  The  overall  Tau-1  evaluation  reliability  aboard  the 
NC-117  was  99.5  percent.  The  Tau-1  reliability  aboard  the  P-3A  during  flight 
8 was  100  percent  for  all  encounter  angles.  The  overall  Tau-2  coaltitude 
threat  evaluation  reliabilities  during  flight  8 were  98.9  percent  for  both  the 
NC-117  and  the  P-3A. 

Reliabilities  established  by  the  AVOID  II  equipped  aircraft  during  the 
three  aircraft  encounters  of  flight  8 were  consistent  with  the  reliabilities 
established  by  the  same  aircraft  during  the  two  aircraft  encounters. 


COMMUNICATION  RELIABILITY  SUMMARY 

The  reliabilities  established  during  daisy  flight  test  encounters  between 
AVOID  II  equipped  aircraft  were  satisfactory  in  every  aspect.  Table  XV  shows 
the  various  reliabilities  established  aboard  the  P-3A  as  a function  of  the 
encounter  anglo  between  aircraft.  The  values  shown  represent  the  results  of 
all  flight  test  date  recorded  during  encounters  involving  two  AVOID  II  equipped 
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TABLE  XIV.  TAD-1  AND  TAU-2  EVALUATION  RELIABILITIES  AS  A FUNCTION 

OF  ENCOUNTER  ANGLE,  FLIGHT  8 
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TABLE  XV.  COMMUNICATION  RELIABILITY  AS  A FUNCTION  OF  ENCOUMTER 

ANGLE  ABOARD  THE  P-3A 
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aircraft.  Similarly,  tabic  XVI  shows  the  various  reliabilities  established 
aboard  the  NC-117.  Table  XVII  shows  the  combined  reliabilities  of  the  NC-117 
and  P-3A  as  a function  of  encounter  angle.  In  general,  the  communication  re- 
liability aboard  the  P-3A  was  slightly  better  than  that  obtained  aboard  the 
NC-117. 

The  overall  reliabilities  without  regard  to  encounter  angle  for  the 
NC-117,  P-3A,  and  the  combination  of  the  two  are  shown  in  table  XVIII.  The 
total  of  1766  required  pilot  display  indications  were  the  result  of  93  collision 
encounters,  including  26  which  involved  three  aircraft.  The  overall  display 
reliability  was  99.4  percent  for  encounters  which  were  part  of  the  daisy  flight 
patterns.  The  overall  round  reliability  based  on  3238  target  tracks  which  should 
have  occurred  during  the  above  encounters  was  96.0  percent. 

As  described  earlier,  additional  head-on  and  tail-chase  encounters  were 
flown  in  order  to  obtain  information  regarding  other  aspects  of  the  equipment 
operation.  These  encounters  also  provided  data  on  communication  reliability. 

The  results  of  the  additional  encounters,  when  combined  with  the  results  of 
the  daisy  encounters,  are  also  shown  in  Table  XVIII. 

The  display  reliability  for  head-on  encounters,  based  on  over  400  required 
displays,  was  100  percent.  The  round  reliability  during  the  head-on  encounters 
was  also  100  percent.  Tho  lowest  combined  display  reliability  for  a given  en- 
counter angle  was  97.5  percent  which  occurred  during  the  90-degree  encounters. 

The  poorest  round  reliability  for  a given  encounter  angle  was  92.7  percent  which 
occurred  during  the  tail  chase  encounters.  However,  the  tail  chase  display 
reliability  was  100  percent  since  the  tracking  failures  occurred  before  the 
target  aircraft  became  threats. 

The  reliability  figures  contained  in  table  XVII I were  the  result  of  111 
collision  encounters,  all  of  which  were  conducted  with  on  altitude  separation 
of  less  than  600  feet  (183  m) . In  addition,  all  tests  were  conducted  in  a sim- 
ulated air  traffic  environment  in  excess  of  Honeywell  predictions  for  the  Los 
Angeles  Basin  in  1982. 


ALTITUDE  ZONE  DISCRIMINATION 

The  AVOID  II  CAS  classifies  the  altitude  threat  status  of  intruding  aircraft 
on  the  basis  of  the  replies  that  it  receives  in  response  to  altitude  coded  in- 
terrogations. Interrogations  are  sequentially  biased  in  order  to  determine 
occupancy  of  the  various  threat  status  bands.  These  altitude  threat  zones  are 
shown  in  figure  17.  Target  aircraft  can  be  classified  because  all  aircraft  re- 
spond only  to  interrogations  of  bands  which  include  their  altitude.  The  pattern 
of  altitude  band  interrogations  is  shown  in  figure  18.  The  logical  equations 
used  in  evaluating  the  responses  to  the  interrogations  are  presented  in  figure  23. 

It  is  necessary  that  a collision  avoidance  equipment  be  capable  of  dis- 
tinguishing the  various  altitude  threat  zone  boundaries  both  accurately  and 
consistently.  Poor  resolution  of  either  the  1600-foot  (±183  m)  or  1400-foot 
(1122  m)  relative  altitude  boundaries  would  result  in  an  unstable  situation  in 
which  the  pilot's  display  would  alternate  between  commands  (DIVE  or  CLIMB)  and 
advisories  (LIMIT  VERTICAL  SPEED  DOWN  or  UP  respectively). 
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TABLE  XVI.  CONWUX l CAT ION  RELIABILITY  AS  A FUNCTION  OF  ENCOUNTER 

ANGLE  ABOARD  THE  NC-117 
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TABLE  XVIII,  SUMMARY  AVOID  II  COMMUNICATION  RELIABILITIES 

Daisy  Plight  Test  Encounters 


N£=,UZ 

P-3A 

Combined 

Display 

Reliability 

718 

725  * °*990 

1037 

1041 

■ 0.996 

m - 

Round 

Reliability 

nf  ■ °‘958 

1829 

3OT" 

» 0.962 

3238  = °-960 

TAU-1 

Reliability 

H|  - 0.987 

513 

SlT 

* 0.998 

H|  - 0.993 

TAU-2 

Reliability 

§ir  • °-s« 

1 

305 

m 

- 0.984 

III-  ■ 0-98s 

Overall  Flieht  Encounter* 

Display 

Reliability 

1911 

1922 

- 0.994 

Round 

Reliability 

3645 

3774 

- 0.966 

TAU-1 

Reliability 

960 

568 

i 

- 0.992 

TAU-2 

Reliability 

536 

54? 

■ 0.985 

Non -Coaltitude 
Reliability 

TAU-2 

435 

437 

“ 0.995 
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INTRUDER  L QUA  .'  ION 

(!)  - Ht[C1+1  +Cl  + Cimil  . [F.+1  + Tl  + Ft.j]  . 

[Ei+l  + Ei  + Ei-lJ  • tUi+l  + °i  + Bi.il  • 

[ci+1  + ci  + cul]  . [n.+1  + B.  + B.^J  . A.  + 

"l^Gi+2  • ■ ^6  • ^7  + °i+I  + °il  • 

tri+2  + Fi+1  + • [*!+,  + Ei+1  + • 

I°i+2  + Ui+J  + Dil  .•  tCi+2  + °i+l  + C4]  • 

[Bi+2  • Fj  . 06  . ?,  + Bi+1  + Ii.]  . Ai 

CORRELATION  EQUATIONS 


H(6)  = Ht  . [Hi+1  + Ht  + IL.j]6. 

I°i+2  ' ICi+3  + °i+2  + °i^  + Gi+1  • CGi+2  + Gi+1  + Bj]' 

+ o,  • [cl+l  + ct  + c..,]6  + c._1[ol  + ci.l  + Ci_2]6] 

H(«)  " Hj  . [nj+1  + Hj  + Hj.j]4. 

t°i+2  tCi+3  + °i+2  + + Gi+ltGi+2  + Gi+1  + Gi^ 

+ Girci+1  + Gi  + Ci.i3*  + G1.,[Ci  + GU1  + 

11(0)  - + llj  + lii_1  J° 

ft 

^Ci+2^Ci+3  + Ci*l  2 + Gi+1^°  Gi-H^Gi-|-2  + Gi+l  + Ci^° 

+ O&M  + Ci  + ci.i3°  + ciwl[Ci  + c.^  * c£-2p 

Figure  23,  AVOID  II  Altitude  Threat  Equations. 
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In  order  to  establish  the  ability  of  the  AVOID  II  equipment  to  distinguish 
relative  altitude  to  within  100  feet  (30.5  m) , encounters  with  fixed  altitude 
separations  were  flown.  The  altitude  separations  were  chosen  such  that  they 
would  correspond  as  closely  as  possible  to  the  boundaries  of  the  altitude 
threat  zones.  These  altitude  separations  were  1200  (366  m) , 700  (213  m) , 600 
(183  m) , 500  (152  m) , and  400  feet  (122  m).  Encounters  were  then  repeatedly 
flown  within  100  feet  (30.5  m)  of  and  on  both  sides  of  each  altitude  threat 
boundary . 

A total  of  25  encounters  during  three  flights  were  flown  resulting  in  1187 
sequences  during  which  only  five  incorrect  altitude  threat  evaluations  were 
recorded.  In  each  case  the  incorrect  altitude  evaluation  was  the  result  of  the 
unsuccessful  receipt  of  replies  to  branch  altitude  interrogations  (I  (0) , I (+4) , 
or  I (-4)).  In  no  case  was  the  pilot's  display  affected  by  these  errors.  The  al- 
titude threat  zone  tests  were  conducted  in  the  presence  of  the  simulated  air 
traffic  environment  predicted  for  the  Los  Angeles  Basin  in  1982,  and  they  es- 
tablished a reliability  of  99.6  percent  for  the  AVOID  II  altitude  discrimination. 

Significantly,  the  erroneous  identification  of  altitude  threat  status  as 
being  more  serious  than  the  actual  situation  occurred  only  during  three  air- 
craft encounters,  and  this  was  the  direct  result  of  the  aircraft  being  in  a 
co-range  situation.  Again,  the  incorrect  threat  status  appeared  in  the  inter- 
mediate threat  logic  and  never  affected  the  pilot's  display.  A computer  print- 
out containing  such  a co-range  situation  is  shown  in  figure  24. 

During  the  three  aircraft  flight  test,  co-range  situations  occurred  on  nu- 
merous occasions  and  the  AVOID  II  equipment  was  able  to  resolve  the  two  intruders 

which  were  co-range  within  100  to  200  feet  (30.5  to  60.9  metres).  In  determining 
AVOID  II  co-range  resolution  capability,  laboratory  tests  were  conducted  utilizing 
two  separate  traffic  simulators  to  generate  targets  at  the  same  altitude  with 
respect  to  the  AVOID  II  under  test.  The  resolution  was  found  to  be  between  100 
(30.5  m)  and  200  feet  (60.9  m) . Similar  tests  were  conducted  with  the  target 
generated  by  one  traffic  simulator  above  the  test  unit's  simulated  altitude 
and  the  second  traffic  simulator  target  below.  Incorrect  altitude  threat  eval- 
uations occurred  only  when  the  range  rates  of  the  two  targets  were  within  30 
knots  (15.4  m/s).  That  is,  the  two  targets  had  to  be  separated  by  a distance 
less  than  the  altitude  response  acceptance  window  (150  feet)  (45.7  m)  during 
the  interrogation  sequence.  Furthermore,  the  pilot's  display  was  only  affected 
when  the  relative  range  rates  of  the  two  targets  were  within  15  knots  (7.7  m/s). 

In  order  for  the  pilot's  display  to  be  affected  during  flight,  an  aircraft  must 
be  in  a situation  with  a threatening  aircraft  above  and  another  below,  with  the 
two  threatening  aircraft  at  ranges  which  are  within  200  feet  (60.9  metres)  of 
each  other,  and  with  the  aircraft  closing  at  range  rates  which  arc  within  15 
knots  (7.7  m/s)  of  each  other.  Such  a situation  has  an  extremely  low  probability 
of  occurrence. 


- 66  - 


o I 

tf  CM  I 


iA  4t  CA  *■«  i 
J « i • 

a.  «v  *4  <m  < 

* # * 


.♦  .*  10  < 

co  ia  it*  1 

tO  sC  If  t 


• d»  tf  J*  * 

I €\i  IM  (M  ( 

i • ♦ • 

I^MUI 

* <#  -r  . 


CM  * IA  CM 
I w JMA  tn 
i v0  vC 
I «-4  ^4  *4  *4 

^ W)  >0  w 
I IM  «M  CM 

i u ^ ^ i 

» * • t • 

• eg  K IM  M 

> * -f  0*  or 

■ A*  N1  A»  ^ 


(MUStf 
r UN  w 
*p  UD  Ml 


\0  C*  CM 
IA  IM  IA 
*>  *0  iA 


T»  A Wi 
CVI  *4  «4 

jr  A w . 
0 • • 
CM  Aj  CM  < 
4*  ■*  * . 


4AK«4(^rOMUNn«KKrTKMW^HKi0K 
IAK‘.*tA’'USi»lAtOCT»f'}Cf  K)  ^ (f  Aj  W 
4444i0  4iCit£iO«Cil04lAtC)i/:iriOv04tf'^) 

>'PK^«'4f'fOAj)^K‘ciN>^»Aw»fA^nr  cp  IA  *> 

I I I ! . 7 i 

M «o  o 

lUMMniMIUItiMUIVMM  .-CM  NMIUNIVhM 

K.K.N-4-N^'NKK'K‘N-KK,^-K,VK^>>*h-K- 

(^(ro'cr<ro'cra'o'cro'cra<cr0>rr>o'<rircr<o' 


31 1 

« 4 o o 


• id  B n n < 
<3  4 1 


u ui  a a n 
O O o o o 
.fxopn 


rtit'is 

iu«ud 


i e*  i 

jr  * *j>  i 

i «A  M / I 
s»  K «r-  i 
«m  im  cy  i 

i 

> A»  dA  if*  i 

i IA  O'  O'  1 

► 10  *n  f*  i 


<T  (A  Cf  O'  CT 


lOBCIOOOO  A 


(TUrtCini 
> tO  \0  • 

I CM  fU  I 


Al  At  O A O A P A 
K AfOoecn 
i **  IT  « «o»  ne 


111  TIT 

• »r>«i«>fnmcif-»rt«*r»r»rHc^r»cjiooc|oci 

rtioe»«oc»CAono<ru'*TO*'  o‘f#»  o o rr\  o ’.* 
roo»po«raocjocjot'0«o»r»oo 

‘ - " — ' “ - — A I"  fit  i*  O Q •*)  O 


' O f » A A A 


tfO  Ana 
4 2 «>  a o < 

h 4 WOd 
*>  • • 


<D 

«t  « < ^ 

r>  co  a-  po 

*4  «4  *4  *4 


' «A  «*4  4l  i 
Cr>  W (U  I 


tT  iA  if*  I 
I W W fO  I 


l«»f  f I 
MK  wi 
» U>  -l  • 


I • U 

4 4 4 4 W , 

CO  *1  f»)  r>  IA  I 


raoaoaea< 


'tp^Aodcaoui 


a c n b o o & o o o o a c*  a ci 
«•  p o c?  r (i  ■jooctopiono 
bAQOOOCfiOAOOAOOa 


O C-*  €.» 
r?»  r»  n 
c;  c*  o 


boo 
5 n o 
a « r 


non 

C?  W O 

coo 


UM4^| 

U'  f • • 
ia  ia  m a*  < 
III  H «4  M I 
K Z I 

HHli  Mil 

I*  «V  «MIM  < 
r 44b. 


I 

- *.  tf  CO  «<  0 K 


*<  l(i  A | 

•#«#«#! 


i 4 IM»»  M n ^ K 4ll>  I 

i fw  *>  *>  K»  .#  i#  IA  iA  US 

IT  « O'  «A  4 «A  » «0  <*  <A  I 

lbbHi4«4«444biHti. 

CUfUCMfwMWflffMlMfMCMlMC 

i 4 H ^ 44  4 4 »i  4 4 bI  i 


4 <ii  n- 

pty  *>  ca 


»/»  *A  o 
4 JIT 


JCt  4 

IT  U 


Oi  0^  «T* 

*4  *4  *4  . 


CA  A'  O 
i *•<*•«  CM 


NADC-76141-60 


AVOID  I - AVOID  II  COMPATIBILITY 


INTRODUCTION 

The  AVOID  I and  AVOID  II  represent  the  maximum  and  minimum  equipments 
comprising  the  AVOID  collision  avoidance  system.  The  AVOID  I is  designed 
for  military  and  air  carrier  aircraft  which  fly  the  civil  <dr  lanes.  As 
such,  the  AVOID  I incorporates  the  highest  levels  of  protection  possible.  The 
AVOID  II  is  a smaller,  less  costly  version  designed  for  lower  performance  mil- 
itary and  civilian  aircraft.  Table  XIX  shows  the  major  differences  between 
the  AVOID  I and  AVOID  II  system  parameters.  The  parameters  which  have  the 
most  significant  effect  on  equipment  compatibility  are  the  power  budgets,  the 
intruder  tracking  ranges,  and  the  different  threat  zones  associated  with  each 
equipment . 

The  AVOID  II  is  not  designed  for  operation  above  an  altitude  of  10,000  feet 
(3. OS  km).  The  AVOID  I,  which  is  capable  of  operating  in  all  altitude  regimes, 
adjusts  its  level  of  operation  to  that  of  an  AVOID  II  when  below  10,000  feet 
(3.05  km).  That  is,  below  10,000  feat  (3.05  km),  the  AVOID  I processes  targets 
with  closure  rates  less  than  540  knots  (278  m/s).  Apparently,  range  rate  should 
not  affect  the  compatibility  of  the  two  equipment  types.  However,  a maximum 
identifiable  closure  rate  of  540  knots  (278  m/s)  does  not  provide  a reasonable 
safety  margin.  A 540»knot  (278  m/s)  maximum  will  provide  adequate  protection 
for  encounters  involving  an  AVOID  I equipped  aircraft  and  a low  performance 
AVOID  II  equipped  aircraft,  but  encounters  between  two  AVOID  I equipped  aircraft 
can  exceed  540  knots  (278  m/s) . This  maximum  value  can  be  exceeded  during  near 
head-on  encounters  between  two  aircraft  travelling  at  high  but  allowable  air 
speeds  below  10,000  feet  (3.05  km).  The  regulation  limit  for  aircraft  below 
10,000  feet  (3.05  km)  is  250  knots  indicated  air  speed  or  275  knots  (141  m/s) 
true  air  speed.  True  air  speed  differs  from  indicated  air  speed  as  a function 
of  altitude  and  temperature.  The  AVOID  system  measures  true  air  speed.  Thus, 
two  aircraft  travelling  at  indicated  rates  of  250  knots  (129  m/s)  could  be  closing 
at  a true  rate  in  excess  of  540  knots  (278  m/s).(ie.  550)  (283  m/s)  and  not  be 
tracked  by  the  AVOID  CAS  equipment.  Another  situation  which  might  result  in 
marginal  protection  is  that  which  involves  an  encounter  between  an  aircraft  just 
above  the  10,000  foot  (3.05  km)  boundary  (actually  9600  feet  (2.93  km)  in  the 
AVOID  system)  and  one  just  below  the  boundary.  An  AVOID  II  aircraft  in  ouch  a 
situation  would  not  track  the  aircraft  above  10,000  feet  (3.05  km)  until  its  air 
speed  reduced  enough  to  result  in  a closure  rate  less  than  540  knots  (278  m/s) . 


COMMUNICATION  RANGE  (POWER  BUDGET) 

The  AVOID  II  CAS  equipment  transmits  pulses  at  a level  in  excess  of  54  dbm 
and  operates  with  a receiver  sensitivity  which  is  better  than  -68  dbm.  The 
communication  loop  sensitivity  between  AVOID  II  equipments  can  be  considered  to 
be  greater  than  122  dbm.  This  level  represents  a theoretical  average  communi- 
cation range  of  8.4  nautical  miles  (IS. 6 km).  As  designed, the  AVOID  I CAS  trans- 
mits pulses  at  a level  of  58  dbm  below  9600  feet  (2.93  km)  (63  dbm  above  9600 
ft  (2.93  km),  and  operates  with  a receiver  sensitivity  of  -71  dbm.  Thus,  the 
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TABLE  XIX.  AVOID  SYSTEM  PARAMETERS 


Altitude  Coverage 

AVOID  I 

± 1200  ft. 
± 2100  ft. 
t 3200  ft. 

Level  Flight 

Vertical  Rate  >±  soo  fpm 
Vertical  Rate  >±  1000  fpm 

AVOID  II 

t 1200  ft. 

No  Provision  for  Vertical  Rate 

Range  (Intruder  Tracking) 

AVOID  1 

“ IS  nmi 
~ 7.5  nmi 

* 9600 
< 9600 

feet  altitude 
feet  altitude 

AVOID  II 

4.2  nmi 

Range  Rate  (Maximum) 

AVOID  I 

1200  knots 
S40  knots 

> 9600 
< 9600 

feet  altitude 
feet  altitude 

AVOID  II 

540  knots 

Communication  Link 

Transmitter 

Power 

Receiver  Sensitivity 

AVOID  I 

58  dbm 
62  dbm 

-71  dbm 
-71  dbm 

< 9600  feet  altitude 
> 9600  feet  altitude 

AVOID  II 

54  dbm 

-68  dbm 
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communication  loop  sensitivity  between  AVOID  I equipments  below  9600  feet 
(2.93  km)  can  be  considered  to  be  129  dbm.  IMs  level  represents  an  averse 
communication  range  which  is  more  than  twice  the  link  range  of  the  AVOID  II 
aircraft.  Since  the  AVOID  I and  AVOID  II  transmit  at  different  power  levels 
and  operate  with  different  receiver  sensitivities,  two  different  link  strengths 
result.  However,  the  communication  loop  sensitivity  is  equivalent  to  the  weak- 
est combination  of  receiver  and  transmitter  strengths.  Since  the  AVOID  I 
transmits  pulses  at  58  dbm  and  the  AVOID  II  has  a receiver  sensitivity  of  -68 
dbm,  the  various  communication  path  losses  can  amount  to  126  dbm.  When  the 
AVOID  II  generates  its  reply  at  54  dbm  with  the  AVOID  I receiver  sensitivity 
of  -71  dbm,  the  total  path  losses  can  only  be  125  dbm.  This  means  that  the 
theoretical  average  communication  range  between  aircraft  equipped  with  dif- 
ferent AVOID  systems  should  be  better  than  11.5  nautical  miles. 

The  actual  transmitter  power  and  receiver  sensitivity  of  the  AVOID  I and 
AVOID  II  were  measured  during  laboratory  tests.  The  AVOID  I used  during  testing 
had  a transmitter  power  of  57.5  dbm  for  altitudes  above  9600  feet  (2.93  km)  and 
53. S dbm  for  altitudes  below  9600  feet  (2.93  km).  The  original  receiver  sen- 
sitivity measured  during  the  AVOID  I flight  tests  was  -74.5  dbm,  but  similar 
measurements  made  during  the  AVOID  II  flight  tests  showed  that  the  particular 
AVOID  I (SN/1)  flown  during  AVOID  II  flight  tests  had  a sensitivity  of  -71  dbm. 
All  encounters  involving  the  AVOID  I were  flown  at  an  altitude  above  9600  feet 
(2.93  km);  consequently,  the  proper  power  budget  was  achieved  during  the  flight 
tests.  At  the  same  time,  flying  the  test  encountors  above  9600  feet  (2.93  km) 
had  no  effect  on  the  operation  of  the  AVOID  II  since  its  transmitter  power  and 
altitude  coverage  zones  are  the  same  above  and  below  9600  feet  (2.93  km)  (the 
AVOID  II  is  designed  for  operation  below  9600  feet  (2.93  km)  only). 

The  actual  communication  range  achieved  between  an  AVOID  1 and  an  AVOID  II 
equipped  aircraft  could  only  be  measured  aboard  the  AVOID  I equipped  aircraft 
because  of  the  limited  tracking  range  of  the  AVOID  II.  During  all  flight  tests, 
the  RA-3B  was  equipped  with  the  AVOID  I.  The  AVOID  I equipment  used  during  the 
flight  testing  of  the  AVOID  II  did  not  Incorporate  the  improved  interrogation 
sequence  which  will  be  utilized  in  future  AVOID  I equipments. 

Figure  25  shows  the  communication  range  for  the  head-on  (180  deg)  encoun- 
ters during  flight  6.  These  encounters  were  flown  with  an  altitude  separation 
of  500  feet  (152  m) . The  communication  reliability  level  at  different  ranges 
during  each  encounter  is  included.  The  communication  reliabilities  indicated 
were  determined  by  the  number  of  successfully  completed  communication  sequences 
as  compared  with  the  number  of  communication  sequences  which  should  have  occurred 
between  that  point  and  the  closest  point  of  approach  between  the  two  aircraft. 

The  lowest  communication  range  and  reliability  which  occurred  was  an  84  percent 
reliability  at  a range  of  7 nautical  miles  during  the  first  encounter.  During 
succeeding  head-on  encounters,  the  communication  reliability  improved  consid- 
erably with  the  result  that  the  overall  communication  reliability  for  the 
head-on  encounters  was  97  percent  at  a range  of  7.4  nautical  miles.  Figure  26 
shows  the  average  communication  range  and  reliability  as  a function  of  encounter 
angle  for  flight  6.  As  the  figure  indicates,  the  communication  reliabilities 
were  still  high  at  ranges  in  exdess  of  7 nautical  miles  (13  km)  with  the  ex- 
ception of  the  -30-degree  encounter  angle.  This  low  point  in  communication  range 
is  greater  than  that  required  for  the  appropriate  warning  times  at  this  encounter 
angle  below  9600  feet  (2.93  km). 
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Figure  25.  Coanunication  Range  and  Reliability  During 
Head-On  Encounters,  Flight  6. 
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Figure  26.  Average  Coomuni cation  Range  and  Reliability  as 
a Function  of  Encounter  Angle,  Flight  6. 
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Figure  27  shows  the  average  conununication  range  and  reliability  as  a 
function  of  encounter  angle  for  flight  7.  Flight  7 was  similar  in  most  as- 
pects to  flight  6,  the  major  difference  was  that  the  P-3A  rather  than  the  NC-117 
participated  in  the  flight  encounters.  As  a result,  the  closure  rates  of  the 
encounters  during  flight  7 were  higher  than  those  of  flight  6.  As  is  indicated 
in  figure  27,  the  communication  reliability  exceeded  85  percent  at  an  average 
range  of  9 nautical  miles  (16.7  km)  for  all  encounter  angles  with  the  exception 
of  the  -30-degree  encounter  angle.  For  the  -30-degree  encounter  angle,  the 
communication  range  measurement  was  limited  by  the  geometric  restrictions  of 
the  flight  test  pattern. 

Flight  8,  which  was  conducted  on  August  1,  1975,  consisted  of  encounters 
involving  all  three  aircraft.  The  AVOID  I equipped  RA-3B  flew  a figure  8 pat- 
tern at  an  altitude  of  10.5  thousand  feet  (3.20  km).  The  P-3A  flew  the  daisy 
pattern  at  an  altitude  of  9.8  thousand  feet  (2.99  km).  The  NC-117  flew  a figure 
8 pattern  at  an  altitude  of  9.3  thousand  feet  (2.83  km)  which  resulted  in  re- 
peated head-on  encounters  with  the  RA-3B  during  the  entire  flight.  Figure  28 
contains  a printout  of  data  recorded  aboard  the  P-3A  during  the  3 aircraft 
encounters.  Figures  29  and  30  show  the  data  recorded  aboard  the  NC-117  and  the 
P-3A  during  the  same  encounter. 

Flight  8 commenced  with  the  RA-3B  and  P-3A  flying  the  same  course  which  re- 
sulted in  head-on  encounters  with  the  NC-117.  Due  to  the  air  speeds  associated 
with  the  various  aircraft  and  the  geometry  of  the  flight  pattern,  the  RA-3B 
would  track  the  P-3A,  which  was  closer  in  range  at  the  start  of  the  flight  pat- 
tern, until  the  NC-117  with  a higher  closure  rate  became  the  closer  of  the  two 
target  aircraft.  However,  during  encounter  angles  between  the  RA-3B  and  the 
P-3A  which  were  greater  than  90  degrees,  the  initial  range  between  the  RA-3B 
and  the  P-3A  was  greater  than  that  between  the  RA-3B  and  the  NC-117.  Conse- 
quently, during  flight  8 the  communication  runge  between  the  RA-3B  and  P-3A 
could  only  be  measured  for  encounter  angles  of  90  degrees  or  less.  The  average 
communication  range  and  reliability  as  a function  of  encounter  angle  for  flight 
8 between  the  RA-3B  and  the  P-3A  are  plotted  in  figure  31.  Similarly,  the 
communication  range  between  the  RA-3B  and  the  NC-117  was  masked  during  certain 
encounter  angles  by  the  presence  of  the  P-3A.  The  average  communication  range 
and  reliability  for  the  head-on  encounters  between  the  RA-3B  and  the  NC-117  are 
shown  in  figure  32.  For  purposes  of  comparison,  the  results  of  the  head-on  en- 
counters which  occurred  during  flight  6 are  also  shown.  As  the  plotted  data  in- 
dicates, the  communication  range  achieved  during  flight  8 was  about  twice  the 
range  obtained  during  flight  6.  The  significant  difference  between  the  two  flights 
was  the  altitude  separation.  The  relative  altitude  of  the  aircraft  was  500  feet 
(152  m)  during  flight  6 and  1200  feet  (366  m)  during  flight  8.  This  difference 
appears  to  substantiate  the  possible  existence  of  large  gain  variations  in  the 
antenna  patterns.  Duta  accumulated  during  both  the  AVOID  I and  AVOID  II  flight 
tests  failed  to  conclusively  prove  or  disprove  the  existence  of  significant  nulls 
in  the  antenna  patterns  of  the  aircraft  utilized. 

The  flights  between  AVOID  I and  AVOID  II  equipped  aircraft  resulted  in  com- 
munication reliabilities  which  exceeded  90  percent  at  a range  greater  than  7 
miles  (13  km)  for  encounter  angles  greater  than  90  degrees.  The  communication 
range  required  by  the  AVOID  system  to  generate  a 40-second  warning  with  a closure 
rate  between  aircraft  of  550  knots  (283  m/s)  is  7.24  nautical  miles  (13.4  kiio- 
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Figure  28.  Computer  Printout  ijf  D*t»  Recorded  Aboard  the 
During  a Three  Aircraft  Encounter,  Flight  8 
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Figure  29.  Computer  Printout  of  Data  Recorded  Aboard  the  NC-117 
During  a Three  Aircraft  Encounter,  Flight  8. 


M 


»cj  oo  c^oa»/i 


rf\  i\  o i*>  *rv  -t  o A »t  >,\  A .>  .i>  a a »s  <» 
* J-3C  ht  xpc  ^actxncrc 
>D  4 D 4)  g ^ ^ J UO  ^ .0 

0#  C4  04  04  M <%J  N C\i  .-g  'Xj  \i  rg  OU  j 

HWt-"4f4wH»B«»*»*4»*H*B-t»  i 


roeO'S'tjDajajo 

«r<  ^ Mf  MK4  ^ +4  *4 

4-  h*  H 4»4-  m»  N.  4- 


> o <0  i»  <«M  fH 

)C9  0 q»  W m 


fro  .j\  *4  frf4  INi 

«P  -*4  OH 


*N.  t •*  <\f  0 
J«3  «0  O'  +4  fr 


lOO  oo  o a oo  ao  ooo 

***>  Irt  B0*>  Mlifl 

>m  n-  <r  w i>a>  <g.^  a*p  *4h 

»••«•  « # « • « • * f • 

VA  iA  US  .0  A A .p»A  A 44  i A d P 

tUS  P tniA  4AiA  iAIA  <>  OS  USVtlA 

» • » * I • * • « ••  • B • 

BOO  oo  oat  oo  o o o o o 

4H  *4  *4  *4  HH  «4«p4  WH  HH  H 


I 1“ 

oo  a O o o 

}*»  *0  f*l  "9  *0 

K P A O tft 

• 4 * • * 

A (A  ft  i)  A 

US  US  ui  U>  lit 


ia  ca  o j a 
♦ H H *<<  H 


I ! [ | u 

■h  ^ -4  N>  s \ ji  » mo  «-i  r ^4  « « 

OM  Itlt)  (AM  M *>  r H n 1 0*  .-»  -<»«  «0  M 

*4  *4  *4  *4  #4  •*  *4  *4*4  1 4 W 

1 : , 1 , , 

O O UQ  oo  o o o cl  c»oc*o  oooo 

K>»>  «»■*»  W)  ^ d C»  *>  "t  -<»~J  K>  N> 

•1>M  si  I i>  ,ner  W N K>  O fs-rv.  O'  sit  iKUj  o sA 

• • * • I • t * t 4 t • 4 t « 4 » t 

Ift  iA  >0  A Itift  J a.  D •*>  itg  l)  04  £>  D 04 

I I I ! ! “ 

IMA  IftlfS  USUS  P IA  J>  P PUS  US  4>  US  A *A  US 

• * » ♦ !•««*(  * * I « f 4 * « 

(JO  CIO  oo  a oo  ^ o o cj  o oa  □ o 

HH  *4  *4  *4  *4  «H  *4  WW  H H *4*4  *4  *M 


«i  cn 

K)  cn 


ft)  I rt)  rri 

h>  I *9  Vt 


OO  «*MA  o W 

N | N*  l 


K o rpQ  tff 

•A  ib  * 


O fi  o O o <0  O fs,  o t n 

at  o <t>  O o u>  o .fj  o o*  o 

oreo  *9fr  oh  rj 

• f • * ••  • • • ¥ • 

^ I O'  ! fr  e 


O I I*)  *) 

"i"  l 

r on.  on  ap 

* r i 

3 6<U  0(y)  of 


OP  tjooo  oo  cp  Cj  od  a o 


UO  O' O mp'Q  IV  O i\Ja  « 
H>a  n.o  tit  cj  o a>  o ‘4o  n 
090  «d  HO^0  1|U1  eoo 
• 4 « • 4 ••••« 

Ni  a>  ut  r ^ 


»A  US  ►> 

1 «f  t 


oo  an  d ^ 

*>0>  r».t  rj  CJI  V3 
of  or-  cj  ana 

• 4 • • 4 * * « 


<sj  ro  fJA/fNffsiroAj  (Xmsj  ro 
«aj  oaisaMA'j  cp at  at 

OO  OOOQOO  hJO  U 


BOO  O to  O 

^ o%  y>  Cf»  (P  CT*  CA 

r (NJ  *»  «MK  -H 4 

> r t ih 

4 CJ  <Nf  <U  CO  AJ 


1 J»  WS  «H  O 
tn  tv  ^ ^ n ir\ 
> i fH  e e p i 

i * « » • *4 

-n  n.  Hi p aa> 


OB?  HO  Nd  f 

K 4p  T tO  0 «0 

e o d n nd  ^ 

i is  Aj  O <v  r*t  *4 

t |/u  i\j  J rv 

<SfO  ‘A  f Ni« 
»*o  i cr  cocp  <h 
4a  fr  ihd>  .tM«4 

4 4 •*  * f * 

0*  f\w  (A 


t * J 40  0J 
' » f » 
l IV  IV4  w 


I # M -4 
l Ht  •!  O' 
4 • • 

i MJ  /A  04 

i cti  >7)  r' 

o *->  t» 
» cf  •a  »*» 

I «V  <V  (si 


U i^MB  fo  *4*4  0J4A  U,«A  iUN  « 0^0  *4  fSJ  t IA  «f>  f-  HS 
U » » • 44  *4  • • • • * 4 4 *4  4*  b • *4  44 

W l*n  ^ \0  r*  .p  <y»(vf  (A « q HJ  n or  n H)P04fOtr»*n  *nr«3 

Afr^>  f ^ 4 i*,ut  iu  | H v4  «<  (V<\f  (V 

mm  r*o*  o'  (to^  u'9'  ir  u'ir  9 <rc'  umj  H»o  o cj  t » oo  o 

N*  * j j | I ,4  HH  H H H ^ *-(»4W 

Of  MM  M An  MM  Mm  (UN  nAn  mm!  MM  <VM  M M M M (VMM 

X <j4H4*4*j4*H  r4*f  HH  «4*4  HH  *4«-l  HH  H 


»H  iV  Hf  -i 

* • • 4 

h t ka 
fn  4 

*4»  o o ei 

«*M  »4  HH 

AifSi  OJN 
H H HH 


oo  a Ci  oo  o a 


CfO  'i  ci  o»J  (.•»  » 
o ji  o c oa  ■ j o 
oo  d c>  o o o o 

• • 4 • 4 ■ • • 


**'V  lA-V  (\4  fV  J 

OJ  N , *H  «NJ 

x>N  <o>V  it  *»)  I 'J 

*t  I *^rj  y»  t)  m 

04  .v  i r i*f  *h 


n 4 *4  ,t  d n d 

tf*  t)  0 f iH  -ft  0 « 
«U  i HK  H)  4)  ul  o 

• 4 ••4**4 

dd  H I 


n»*;t  (•(  < * rrt  ft  m ( 

v i;  i£jj  i:  i j 

MH  MM  M H H *■ 

-J  4 .vf  .v  4 o J « 
oq  OO  O OU4 


i.T'O'  * 4 o o«d  cj  ci 

'pfr  i 

N't  'J  o i->c  o a 

t ^ 

Mfvi  ( 

" 1 J 

fm  <1  <;>  rr»c|  o o 

MW  >’7  lJ  -3Ct  C3  O 

KCfi  O US  CJrtl  p O 

#•*•  I 1 « • 


• «it  ,n  o/.(S 
u*  M» 

I M W Cfl  *M*H 

M »4  ^ *4  M 

M M ftj  M INI 

I *4  *4  *4*4 


01  (\J  U'TJ 
; -m  «H«H 


*4  *H  «H»H 
t* 4 *H  v f 


Fit.  6 Altitude  Separation 
500  Feet 


NADC-7614 1-60 


o m 


(sauw  ®6u»y 


79 


Figure  32.  Average  Communication  Range  and  Reliability  for  Head-On 
Encounters,  Flight  8,  RA-3B  vs  NC-117. 
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meters) . This  range  includes  the  additional  distance  necessary  because  the 
display  logic  requires  two  successful  tracks  which  correlate  in  range  before 
a pilot  display  can  be  generated.  The  range  required  by  ANTC-117  specifications, 
for  a Tau-2  advisory  at  a closure  rate  of  550  knots  (283  m/s) , in  order  to  pro- 
duce the  51.8-second  warning  time  is  8.98  nautical  miles  (16.6  kilometers). 

Thus,  the  reliable  communication  range  established  by  the  equipments  during  flight 
testing  should  be  sufficient  to  provide  the  necessary  advisories  and  commands 
with  an  acceptable  number  of  late  alarms.  Significantly,  the  AVOID  I utilized 
during  flight  tests  did  not  incorporate  the  improvements  in  the  AVOID  system 
interrogation  sequence,  which  should  improve  the  communication  reliability. 

The  reliable  communication  range  between  an  updated  AVOID  I and  an  AVOID  II 
should  be  greater  than  that  recorded  during  the  AVOID  II  flight  tests. 


WARNING  TIMES 

The  warning  times  provided  by  the  AVOID  I are  consistent  with  ANTC-117  re- 
quirements. As  described  in  the  section  titled,  "Warning  Time  Statistics,  Range 
and  Range  Rate  Accuracies,"  the  AVOID  II  provides  fixed  warning  times  for  commands 
(25  seconds)  and  advisories  (40  seconds).  A comparison  of  the  threat  zone  thres- 
holds of  the  two  AVOID  equipments  is  contained  in  figure  33.  The  primary  dif- 
ference is  the  greatly  reducod  Tau-2  threat  zone  implemented  by  the  AVOID  II. 
Figure  34  is  a plot  of  the  measured  range  as  a function  of  range  rate  of  the  air- 
craft at  the  time  of  the  first  threat  display  on  the  pilot's  indicator  during 
flight  6.  For  ease  of  comparison,  the  initial  indications  which  occurred  aboard 
each  aircraft  are  plotted  in  the  same  figure.  As  the  plot  indicates,  the  AVOID 

I generated  the  required  advisories  with  one  delayed  advisory  resulting  from  in- 
complete communication  sequences  at  the  threat  zone  threshold.  However,  the  ad- 
visory was  still  displayed  with  a warning  time  of  44.8  seconds.  The  required 
commands  were  all  presented  with  an  acceptable  deviation  from  the  ANTC-117 
threshold. 

During  flight  7,  the  P-3A  flew  at  an  altitude  of  9,800  feet  (2.99  km)  while 
the  RA-3B  flew  at  an  altitude  of  10,600  feet  (3.23  km).  Since  AVOID  I advisories 
and  commands  precede  those  provided  by  the  AVOID  II  (see  figure  34),  a safe  al- 
titude separation  is  sometimes  achieved  prior  to  penetration  of  the  AVOID  II 
Tau-1  threshold.  This  is  especially  true  for  encounters  with  low  closure  rates. 
The  AVOID  II  equipment  was  not  required  to  generate  commands  due  to  the  altitude 
separation.  Since  the  AVOID  II  coaltitude  zone  is  ±600  feet  (±183  m)  while  the 
AVOID  I co-altitude  zone  is  ±800  feet  (±244  m)  during  operation  above  9600  feet 
(2.93  km),  only  the  AVOID  I was  required  to  generate  evasive  commands  to  the 
pilot  during  flight  7,  Figure  35  shows  the  threshold  warning  points  which 
occurred  during  flight  7. 

Due  to  the  air  speeds  of  the  two  aircraft  involved  and  the  encounter  angles 
flown,  the  majority  of  closure  rates  which  occurred  during  flight  7 were  higher 
than  300  knots  (154  m/s).  At  range  rates  above  320  knots  (165  m/s),  the  AVOID 

II  advisories  are  delayed  due  to  the  fixed  tracking  range  of  4.2  nautical  miles 
(7.8  km)  and  the  display  logic  (two  successive  range  correlated  tracks).  In  a 
similar  fashion,  the  commands  provided  for  encounters  with  closure  rates  in  ex- 
cess of  420  knots  (216  m/s)  would  be  delayed.  During  the  higher  speed  encounters, 
late  commands  would  have  occurred  at  the  same  time  as  the  advisorios  shown  if  the 
altitude  separation  had  been  less. 
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Figure  33.  AVOID  I and  AVOID  II  Threat  Zone  Thresholds. 
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Figure  35.  AVOID  I and  AVOID  II  Warning  Threshold  Plot, 
Flight  7,  RA-3B  vs  P-3A. 
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Figure  36  is  a plot  of  the  threshold  warning  points  which  occurred  during 
flight  8 for  encounters  between  the  RA-3B  and  the  P-3A.  During  higher  speed 
(near  head-on)  encounters,  the  NC-117  was  at  a closer  range  to  the  RA-3B  than 
the  P-3A  when  the  P-3A  crossed  the  Tau-2  threshold  of  the  RA-3B.  As  a result 
of  digital  interface  limitations,  the  measured  range  and  range  rate  of  the  NC-117 
and  not  that  of  the  threatening  intruder  was  recorded  when  the  threat  advisory 
to  the  pilot  occurred.  The  figure  shows  the  warning  threshold  points  which 
occurred  aboard  the  P-3A  during  the  higher  speed  encounters  without  the  points 
corresponding  to  displays  which  occurred  aboard  the  RA-3B.  The  correct  displays 
did  occur  aboard  the  RA-3B  during  these  encounters,  but  accurate  placement  on 
the  plot  was  not  possible.  The  warning  threshold  points  for  the  AVOID  I equip- 
ment occurred  within  the  acceptable  tolerances  of  ANTC-117  requirements.  Again, 
the  AVOID  II  warning  threshold  points  recorded  during  flight  8 show  the  affect 
of  the  limited  tracking  range. 

Figure  37  shows  the  warning  threshold  points  which  were  recorded  aboard  the 
RA-3B  during  the  head-on  encounters  with  the  NC-117  during  flight  8.  The  alti- 
tude separation  between  the  RA-3B  and  the  NC-117  varied  between  1200  (366  m) 
and  1300  feet  (396  m)  during  the  encounters.  The  AVOID  I utilized  during  flight 
tests  evaluated  target  aircraft  within  ±1350  feet  (±411  m)  of  relative  altitude, 
and  the  AVOID  II  only  evaluated  those  aircraft  within  ±1250  feet  (±381  m) , Con- 
sequently, warning  threshold  points  could  only  be  determined  accurately  from  the 
data  recorded  aboard  the  RA-3B.  Figure  37  clearly  shows  that  the  communication 
link  sensitivity  between  the  RA-3B  and  NC-117  was  sufficient  to  permit  Tau-2  ad- 
visories consistent  with  ANTC-117  requirements. 


DISPLAY  RELIABILITY 

A measure  of  the  compatibility  of  the  AVOID  II  with  the  AVOID  1 is  the  dis- 
play reliability  achieved  during  the  flight  test  encounters.  Table  XX  lists  the 
display  and  tracking  reliabilities  established  aboard  the  AVOID  I equipped  RA-3B 
during  flight  tests.  The  values  are  listed  as  a function  of  encounter  angle  be- 
tween aircraft.  Table  XXI  is  a comparison  of  the  overall  display  and  intruder 
tracking  reliabilities  achieved  during  the  AVOID  I flight  tests  as  reported  pre- 
viously^ and  those  achieved  during  the  AVOID  II  flight  tests.  The  reliabilities 
were  determined  separately  for  the  RA-3B  versus  the  NC-117  encounters  and  the 
RA-3B  versus  P-3A  encounters.  In  all  cases,  the  RA-3B  flew  patterns  at  an  alti- 
tude above  the  other  participating  aircraft.  The  intruder  tracking  reliabilities 
exhibited  no  significant  differences  between  the  two  separate  flight  test  eval- 
uations. However,  the  display  reliabilities  achieved  aboard  the  AVOID  I equipped 
aircraft  during  the  AVOID  II  flight  tests  were  several  percent  below  those 
achieved  previously. 

Table  XXII  lists  the  display  and  tracking  reliabilities  established  by  the 
AVOID  II  during  the  compatibility  flight  tests  as  a function  of  encountor  angle. 
The  display  and  tracking  reliabilities  without  regard  to  encounter  angle,  which 
were  established  aboard  the  NC-117  and  the  P~3A  during  encounters  with  the  RA-3B, 


^NAVAIRDEVCEN  Final  Report  No.  NADC-75056-60  Flight  Test  Evaluation  of  AVOID  I 
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Figure  36.  AVOID  I and  AVOID  II  Warning  Threshold  Plo 
Flight  8,  RA-3B  vs  P-3A. 


Figure  37.  AVOID  I Warning  Threshold  Plot,  Flight  8 
RA-3B  vs  NC-117. 
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are  compared  with  the  results  of  the  previous  AVOID  I flight  test  in  table 
XXIII.  The  tracking  reliability  as  well  as  the  display  reliability  exhibited 
an  improvement  during  AVOID  II  flight  tests.  This  improvement  was  mainly  due 
to  the  improved  interrogation  sequence  and  altitude  sea' a factor.  However,  it 
was  also  the  result  of  a reduced  tracking  range  with  a power  budget  capable  of 
a greater  communication  range. 

The  compatibility  flight  tests  demonstrated  that  the  AVOID  II  provides 
responses  to  the  AVOID  I interrogations  which  enable  the  AVOID  I to  process 
intruders  both  accurately  and  reliably,  and  to  provide  warning  times  consistent 
with  ANTC-117  requirements.  Similarly,  the  AVOID  II  was  capable  of  processing 
AVOID  I responses  both  accurately  and  reliably,  and  the  AVOID  II  was  able  to 
provide  warning  times  consistent  with  AVOID  system  specifications  for  general 
aviation  requirements. 


WARNING  TIME  STATISTICS,  RANGE  AND  RANGE  RATE  ACCURACIES 


INTRODUCTION 

The  function  of  a CAS  is  to  detect  aircraft  which  constitute  a potential 
threat,  evaluate  the  seriousness  of  the  threatening  situation,  and  display  to 
the  pilot  an  advisory  or  maneuver  indication  which  is  required  in  time  to  main- 
tain safe  operation.  In  addition,  it  is  necessary  that  the  collision  avoidance 
system's  alarm  region  be  less  than  the  air  traffic  control  separation  being  em- 
ployed, otherwise  the  alarm  rate  and  interaction  on  ATC  would  be  unacceptable. 

The  airline  operational  and  functional  requirements  for  such  a collision 
avoidance  system  were  issued  by  the  Air  Transport  Association  in  the  Air  Navi- 
gation/Traffic Control  report  number  117  (ANTC-117).  The  AVOID  I CAS  was  de- 
signed and  built  consistent  with  the  requirements  of  ANTC-117.  The  AVOID  XI 
system,  however,  is  designed  especially  fur  use  in  relatively  low  speed,  pri- 
marily VFR,  aircraft.  Since  these  aircraft  have  different  performance  charac- 
teristics and  normally  operate  in  a different  environment  than  do  air  carrier 
or  other  high  performance  aircraft,  the  AVOID  II  system  design  deviates  in  some 
aspects  from  the  requirements  established  in  ANTC-117.  One  such  aspect  is  the 
warning  time  or  Tau  threat  zone  thresholds.  The  threat  zone  thresholds  for  Tau-1 
alarms  and  Tau-2  advisories  are  shown  in  figure  38.  The  resultant  required 
warning  times  vary  as  a function  of  the  closure  rate  between  aircraft.  This 
effect  is  duo  to  the  range  offset  or  non-zero  intercepts  of  the  threshold  lines. 
The  Tau-1  threshold  intercept  is  offset  by  0.25  nautical  miles  (463  m)  and  the 
Tau- 2 threshold  intercept  is  offsot  by  1.8  nauticul  miles  (3.3  km).  In  addition, 
a minimum  range  warning  zone  of  a 1/2-naiitical  mile  is  included  as  an  extension 
of  the  Tau-1  threat  zone  to  compensate  for  range  rate  measurement  errors,  and 
provide  some  protection  in  potential  turn  maneuver  situations.  The  slopes  of 
the  Tau  threat  zone  thresholds  of  the  AVOID  II  are  the  same  as  those  of  ANTC-117. 
That  is,  the  inverse  of  the  slope  of  the  Tau-1  and  Tau-2  zone  thresholds  are 
25  and  40  seconds,  respectively.  The  main  deviations  of  the  AVOID  II  system 
design  from  ANTC-117  requirements  are  the  lack  of  range  offsets,  and  the  addition 
of  a Tau-2  minimum  range.  In  the  AVOID  II,  the  Tau-1  minimum  rtinge  is  0.25 
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NADC-76141-60 


nautical  miles  (463  m)  as  opposed  to  1/2  nautical  mile  in  the  ANTC-117  require- 
Bents.  The  Tau-2  minimum  range  of  the  AVOID  II  is  1 mile.  In  addition,  in- 
truders within  the  Tau-2  threat  zone  with  closure  rates  between  SO  feet  per  sec- 
ond (IS. 2 m/s)  and  -80  feet  per  second  (-24  m/s)  are  distinguished  by  the  AVOID 
II.  In  such  situations  a co-altitude  threat  is  indicated  by  a steady  ligh..  as 
opposed  to  the  flashing  range  light  which  occurs  when  the  range  rate  is  greater 
than  50  feet  per  second  (IS. 2 m/s).  This  allows  the  reduction  of  the  large 
range  offset  which  protects  aircraft  on  parallel  courses  from  turning  maneuvers 
which  might  result  in  head-on  encounters.  The  range  offset  required  by  ANTC-117 
results  in  a significantly  larger  Tau-2  tnreat  zone  as  shown  in  figure  38. 

The  maximum  tracking  range  of  the  AVOID  II  has  a significant  affect  on  the 
warning  times  generated  by  the  equipment.  The  50-foot  wide  (IS. 2 meters)  range 
bins  implemented  in  the  AVOID  II  equipment  extend  to  25,600  feet  (7.8  kilometers). 
This  range,  in  conjunction  with  the  AVOID  II  mean  processing  roun^.  time  of  3.7 
seconds  and  display  logic,  which  requires  the  presence  of  a threat  during  two 
successive  communication  rounds  prior  to  the  generation  of  a cockpit  indication, 
results  in  actual  Tau-2  warning  times  which  are  dependent  to  a certain  extent  on 
the  closure  rate  between  aircraft.  The  Tau-2  warning  times  which  should  be  40 
seconds  are  reduced  when  the  closure  rate  exceeds  325  knots  (167  m/s).  Similarly, 
the  Tau-1  warning  time  of  25  seconds  is  reduced  in  the  event  of  near  head-on  en- 
counters with  closure  rates  in  excess  of  425  knots  (219  m/s).  The  majority  of 
encounters  between  AVOID  II  equipped  aircraft  will  occur  with  closure  rates  well 
below  325  knots  (167  m/s)  due  to  the  lower  air  speeds  of  the  aircraft  for  which 
the  AVOID  II  is  designed.  Table  XXIV  shows  the  warning  times  possible  as  a 
function  of  closing  rate  for  AVOID  II  equipped  aircraft.  It  is  important  to 
realize  that  AVOID  II  equipped  aircraft  should  not  be  capable  of  involvement  in 
high  speed  encounters.  Figure  39  is  a plot  of;  the  Tau-1  and  Tau-2  threat  zone 
thresholds  incorporated  in  the  AVOID  II  threat  evaluation  process.  The  dashed 
lines  shown  represent  the  earliest  display  possible  (D^)  and  the  latest  display 
(DjJ  which  occur  during  normal  operating  conditions  at  high  closure  rates.  These 
two  lines  are  the  result  of  the  fixed  tracking  range  of  25,600  feet  (7.8  km)  and 
the  display  logic  which  requires  two  successive  threat  evaluations  which  are 
correlated  in  range.  The  earliest  display  can  occur  only  after  two  rounds  of 
communication.  The  AVOID  II  round  time  varies  between  3.5  and  3.9  seconds  in 
order  to  enhance  the  asynchronous  properties  of  the  AVOID  system.  The  mean 
duration  of  two  rounds  of  communication  is  then  7.4  seconds.  For  example,  two 
aircraft  with  a closure  rate  of  450  knots  (231  m/s)  would  be  0.93  nautical  miles 
(1.7  k£)  closer  after  7.4  seconds.  Since  the  AVOID  II  maximum  tracking  range  is 
4.19  nautical  miles  (7.76  km),  the  earliest  display  could  only  occur  at  a range 
of  3.26  nautical  miles  (6.04  km).  A display  which  occurs  at  that  range  with  a 
closure  rate  of  450  knots  (231  m/s)  results  in  a warning  time  of  26.1  seconds. 
However,  two  aircraft  can  cross  the  4.19  nautical  miles  (7.76  km)  range  tracking 
threshold  at  any  time  during  a communication  round.  Since  two  complete  tracking 
sequences  are  necessary  to  generate  a display,  the  first  pilot  display  will 
occur  at  a time  between  two  and  three  ro  nd  times  (7.4  to  11.1  seconds  on  the 
average)  after  tracking  begins  since  the  aircraft  might  not  have  been  within 
tracking  range  at  the  start  of  the  earliest  sequence  of  interrogations.  Two 
aircraft  with  a closure  rate  of  450  knots  (231  m/s)  would  be  1.39  nautical  miles 
(2.57  km)  closer  after  3 rounds  (11.1  seconds).  Such  a display  would  occur  at  a 
range  of  2.80  nautical  miles  (5.19  km)  which  represents  a warning  time  of  22.4 
seconds.  Thus  aircraft  with  a closure  rate  of  450  knots  (231  m/s)  could  receive 

- 93  - 


N ADC-76141 -60 


TABLE  XXIV.  AVOID  II  RANGE  AND  WARNING  Tl*t  PROVIDED  BY  EARLIEST 
DISPLAY  AT  HIGHER  CLOSURE  RATES 


Closure  Rate 

Range  at  Display  Cnmi) 

Maximum  Warning  Time 

300 

3.57 

42.9 

325 

3.52 

39.0 

350 

3.47 

35.7 

375 

3.42 

32.8 

400 

3.37 

30.3 

425 

3.32 

28.1 

4S0 

3.26 

26.1 

475 

3.21 

24.3 

500 

3.16 

22.8 

525 

3.11 

21.3 

iSO 

3.06 

20.0 

Note:  Displays  can  occur  with  as  much  as  3.7  seconds  less  warning 

time  than  the  amount  shown 


Range  (Kllocetres) 
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Figure  39 . Display  Threshold  at  High  Range  Rates 
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a display  with  a warning  time  from  22.4  up  to  26.1  seconds  prior  to  the  closest 
point  of  approach.  Figure  40  shows  the  theoretical  mean  warning  time  of  the 
first  display  which  can  be  supplied  by  an  AVOID  II  equipment  as  a function  of 
the  closure  rate  between  aircraft.  The  Tau-1  and  Tau-2  warning  times  which 
are  consistent  with  ANTC  requirements  are  also  plotted. 


AVOID  II  VS  AVOID  II  WARNING  TIME  STATISTICS 

Table  XXV  shows  the  results  of  the  encounters  flown  during  flight  2 to 
compare  warning  times  generated  at  different  closure  rates  but  at  the  same  en- 
counter angle  (head-on  encounters  in  this  case) . 


TABLE  XXV.  ACTUAL  MEAN  WARNING  TIMES  PROVIDED  AT  VARIOUS  CLOSURE  RATES 


Closure  Rate  (knots) 

Time 

(seconds) 

TAU-1 

TAU-2 

355  (183  m/s) 

25.9 

34.7 

430  (221  m/s) 

25.7 

„ — 

The  only  significant  difference  between  the  two  groups  of  data  was  the  lack  of 
a Tau-2  advisory  display  during  the  encounters  at  the  higher  closure  rate. 

The  advisory  and  command  warning  times  generated  during  the  flight  test  en- 
counters were  determined  on  the  basis  of  the  range  and  closure  rate  between  air- 
craft at  the  time  the  pilot's  display  was  updated.  The  closure  rate  was  calcu- 
lated by  dividing  the  result  of  the  difference*  between  range  measurements  pre- 
ceding and  following  the  event  when  the  threat  was  displayed  by  the  time  inter- 
val separating  the  two  measurements.  This  method  resulted  in  estimates  of  clo- 
sure rate  based  on  a 7.4-second  mean  time  base.  The  range  and  range  rate  of  the 
initial  advisory  and  command  displayed  to  the  pilot  during  flight  4 aboard  the 
P-3A  are  plotted  in  figure  41.  Advisories  and  commands  which  fall  to  the  left 
of  the  respective  Tau  threshold  lines  are  considered  to  be  late,  while  those 
which  fall  to  the  right  are  considered  to  be  early.  The  one  late  command  which 
occurred  aboard  the  P-3A  was  the  consequence  of  incorrect  altitude  exchange  which 
resulted  when  the  NC-117  initiated  an  altitude  bias  just  prior  to  changing  alti- 
tude. That  is,  the  initial  altitude  separation  was  400  feet  (122  m)  (requiring 
the  altitude  bias)  but  upon  changing  altitude  as  a result  of  the  command  display, 
the  altitude  separation  was  500  feet  (152  m)  which  in  addition  to  the  200- foot 
(61  m)  bias  resulted  in  an  apparent  700-foot  (213  m)  altitude  separation  to  the 
P-3A.  The  P-3A  identified  the  correct  threat  as  soon  as  the  bias  was  removod 
aboard  the  NC-117  resulting  in  a 19.5-second  warning  time.  Figure  42  is  a plot 
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Figure  40.  AVOID  II  Kean  Warning  Time  (Theoretical). 
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Figure  42.  AVOID  II  Warning  Threshold  Plot,  Flight 
NC-117  vs  P-3A. 
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of  the  corresponding  threshold  warning  times  which  occurred  aboard  the  KC- 117 
during  flight  4.  One  late  command  with  a warning  time  of  18.8  seconds  occurred 
as  a result  of  an  incorrect  altitude  decode  just  after  the  Tau-1  threshold  was 
penetrated,  requiring  the  occurrence  of  two  additional  Tau-1  threat  identifi- 
cations prior  to  a display  to  the  pilot.  The  Tau-2  advisories  aboard  both  air- 
craft during  flight  4 occurred  with  the  proper  warning  times  for  closure  rates 
up  to  300  knots  (154  m/s). 

The  AVOID  II  advisory  and  command  warning  threshold  values  which  occurred 
aboard  the  P-3A  during  flight  5 are  plotted  in  figure  43.  No  late  commands 
occurred;  however,  one  command  resulted  in  a warning  time  of  almost  31  seconds. 
This  large  warning  time  resulted  because  the  closure  rate  between  aircraft  was 
decreasing  rapidly  (approximately  15  knots  (7.7  m/s)  per  second)  at  the  time 
the  Tau-1  threshold  was  penetrated.  Figure  44  shows  the  warning  thresholds 
which  occurred  aboard  the  NC-117  during  flight  5.  One  late  command  occurred 
with  a warning  time  of  18.4  seconds.  This  late  command  resulted  from  a 
tracking  failure  at  the  time  the  Tau-1  threshold  was  penetrated.  The  Tau-2 
warnings  occurred  within  acceptable  limits  for  encounters  with  closure  rates 
less  than  325  knots  (167  m/s)  during  flight  S. 

Warning  thresholds  which  occurred  as  a result  of  encounters  between  the 
AVOID  II  equipped  aircraft  during  flight  8 are  shown  in  figure  45  and  40. 

Flight  8 consisted  of  encounters  which  involved  three  aircraft,  r.ne  of  which 
was  equipped  with  an  AVOID  I CAS.  The  data  pertaining  to  AVOID  1 versus 
AVOID  II  operation  is  discussed  in  the  section  titled,  "AVOID  I - AVOID  II 
Compatibility  ,"  Figure  45  shows  the  range  and  closure  rate  of  each  pilot  dis- 
play initiation  aboard  the  NC-117  as  a result  of  the  P-3A.  All  command  displays 
occurred  within  one  round  time  (mean  of  3.7  seconds)  of  the  ?5-second  thres- 
hold. Similarily,  command  warning  times  which  occurred  aboard  the  P-3A  as  a 
result  of  the  NC-117  (see  figure  46)  were  also  within  one  mean  cycle  time  of 
the  threshold.  The  Tau-2  advisories  aboard  both  aircraft  occurred  at  the  proper 
times  for  closure  rates  up  to  300  knots  (154  m/s). 

The  plots  of  the  range  and  closure  rate  at  the  time  of  the  first  threat  dis- 
play demonstrate  that  the  AVOID  II  can  consistently  identify  a 25-second  Tau-1 
threshold  for  closure  rates  which  result  during  encounters  between  AVOID  II 
equipped  aircraft.  The  plots  also  demonstrate  the  AVOID  II 's  ability  to  generate 
40-second  Tau-2  advisories  during  the  same  encounters  with  closure  rates  as 
high  as  300  knots  (154  m/s).  The  warning  time  reductions  due  to  the  maximum 
tracking  range  are  clearly  visible  in  the  plots  representing  Tau-2  advisories 
for  encounters  with  closure  rates  in  excess  of  300  knots  (154  m/s). 

The  mean  Tau-2  warning  times  generated  as  a function  of  encounter  angle  are 
plotted  in  figure  47.  The  brackets  represent  the  standard  deviation  of  the  group 
of  warning  times  evaluated.  Similarly,  the  Tau-1  warning  times  generated  as  a 
function  of  encounter  angle  are  shown  in  figure  48.  The  war,  ing  times  generated 
at  the  zero  degree  or  tail  chase  encounter  angle  are  greater  than  40  seconds  for 
Tau-2  advisories  due  to  the  6000  foot  (1829  m)  minimum  range  incorporated  in 
the  AVOID  II  threat  zone.  A similar,  though  much  smaller,  effect  would  appear 
on  the  Tau-1  plot  if  closing  rates  of  less  than  40  knots  (21  m/s)  had  occurred 
duzing  flight  testing. 
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Figure  43.  AVOID  II  Warning  Threshold  Plot,  Flight 
P-3 A vs  NC-117. 
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Figure  44.  AVOID  II  Warning  Threshold  Plot,  Flight  5 
NC-117  vs  P-3A. 


Figure  45.  AVOID  II  Warning  Threshold  Plot,  Flight  8, 
NC-II7  vs  P-3A. 
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Figure  46.  AVOID  II  Warning  Threshold  Plot,  Flight  8 
P-3A  vs  NC-117. 


Figure  47.  Mean  TAM- 
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a Function  of  Encounter  Angle. 
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The  approximate  closure  rate  which  occurred  during  the  various  encounter 
angles  flown  is  shown  at  the  top  of  figures  47  and  48.  The  reduced  Tau-2 
warning  times  which  occurred  at  the  180-degree  and  150  encounter  angles  are 
not  the  result  of  equipment  errors  but  actually  the  result  of  the  maximum 
tracking  range. 

The  overall  warning  times  gerorated  during  the  flight  tests  are  listed  in 
table  XXVI.  The  mean  Tau-1  warning  time  was  26.25  seconds,  with  a standard 
deviation  of  just  over  2 seconds.  The  Tau-2  warning  times  varied  between  a 
mean  of  33.34  seconds  for  the  head-on  encounters  to  a mean  of  48.19  seconds 
for  the  tail  chase  encounters.  The  larger  standard  deviation  associated  with 
the  tail  chase  warning  times  was  mainly  due  to  the  minimum  range  threshold 
which  resulted  in  rapidly  increasing  warning  times  for  closure  rates  less  than 
90  knots  (46  m/s) . These  advisory  warning  times  which  vary  as  a function  of 
closure  rate  are  consistent  with  the  AVOID  II  system  specifications  for  general 
aviation  requirements. 


RANGE  AND  RANGE  RATE  ACCURACY 

The  ratio  of  measured  range  divided  by  range  rate  is  the  major  criterion 
used  for  threat  evaluation  in  the  collision  avoidance  process.  This  quantity 
is  designated  as  Tau  and  is  equivalent  to  the  time  to  collision  for  nonman- 
euvering aircraft  on  collision  courses.  The  effectiveness  of  a collision  avoid- 
ance system  is  dependent  upon  its  ability  to  evaluate  Tau  during  flight  encounters. 
Since  Tau  is  a quantity  derived  from  range  and  rango-rate  measurements,  the  ac- 
curacy of  these  measurements  determines  the  true  capabilities  of  the  equipment 
in  performing  the  collision  function. 

In  order  to  determine  the  accuracy  of  the  AVOID  II  measurement  of  range 
and  range  rate,  flight  encounters  were  conducted  at  the  NAVAIRTESTCEN  (Naval 
Air  Test  Center)  Chesapeake  Theodolite  Range.  The  range  consists  of  six  theo- 
dolite stations  interfaced  to  a central  computer.  The  encounters  flown  at  the 
theodolite  range  involved  only  the  two  AVOID  II  equipped  aircraft,  with  each 
aircraft  being  tracked  by  three  theodolites.  The  optimum  resolution  of  an  air- 
craft's position  is  achieved  when  the  aircraft's  flight  path  is  parallel  to  a 
line  passing  through  the  six  theodolite  stations.  As  a result,  the  only  en- 
counter types  flown  at  the  range  were  of  the  head-on,  the  tail  chase,  or  a par- 
allel overtake  nature  with  variations  in  closure  rates.  During  the  encounters, 
each  aircraft's  heading  and  airspeed  were  monitored  by  a ground  controller  to 
provide  the  proper  encounter  closure  rate  and  miss  distance. 

Data  received  by  the  range's  central  computer  from  the  individual  theodolites 
tracking  each  aircraft  provider  a three-theodolite  solution  for  the  position  of 
each  aircraft.  The  theodolite  data  representing  the  range  and  range  rate  between 
aircraft  was  smoothed  using  a five-point  moving  arc  polynomial  technique.  For 
the  above  encounter  types,  the  resultant  tracking  measurement  errors  associated 
with  the  ground  track  are  50  feet  (1  sigma)  (15.2  m)  for  range  between  aircraft 
and  2 knots  (1  sigma)  (1.03  m/s) for  range  rate  between  aircraft. 


- 107  - 

;r 


NADC-76141-60 


TABLE  XJCVI.  MEAN  TAU-1  AND  TAU-2  WAR  ...G  TIMES  PROVIDED  DURING 

AVOID  II  FLIGHT  TESTS 


Encounter  Angle  (deg) 

180 

150 

120 

90 

60 

30 

0 

TAU-2  (seconds) 

33.3 

(1.4) 

32.9 

0.6) 

38.4 

(2.4) 

40.1 

(2.8) 

40.9 

(2.2) 

41.1 

(4.4) 

48.2 

(7.9) 

TAU-1  (seconds) 

25. 8 
(1.5) 

26.1 

(1.1) 

26.1 

(1.5) 

26.1 

(5.1) 

26.2 

(2.1) 

27.2 

(1.9) 

28.0 

(3.3) 

Note:  Standard  deviations  of  times  recorded  are  shown  in  these  parentheses, 
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As  a result  of  safety  of  flight  considerations,  minimum  aircraft  altitude 
and  range  separation  were  maintained  during  the  flight  tests.  In  an  actual 
collision  encounter  with  zero  miss  distance,  the  closure  rate  is  constant  up 
to  the  point  of  .ct  or  zero  range.  However,  for  the  typical  small  miss  dis- 
tance which  occurred  during  testing,  the  closure  rate  changes  from  a large  pos- 
sitive  value  to  a large  negative  value  in  a rather  short  amount  of  time.  The 
AVOID  II  was  not  designed  to  accommodate  such  large  accelerations,  and  in  addition 
it  is  not  necessary  that  a CAS  equipment  measure  such  rapidly  changing  range  rates. 
In  order  to  prevent  this  transitional  phenomena  from  affecting  the  evaluation  of 
the  AVOID  II  measurement  accuracy,  data  points  corresponding  to  the  transition 
region  during  head-on  and  tail-chase  encounters  were  discarded.  In  addition, 
only  comparisons  of  measurements  during  which  each  aircraft  was  being  tracked 
by  three  theodolites  were  used  in  establishing  the  mean  error  and  its  standard 
deviation.  As  a result  of  ground  haze,  a significant  amount  of  data  could  not 
be  used  due  to  loss  of  track  by  one  or  more  of  the  six  theodolite  stations. 

The  AVOID  II  stores  responses  to  interrogations  in  a high-speed  shift  reg- 
ister. The  clock  rate  of  the  shift  register  results  in  each  storage  location 
or  bin  representing  a distance  of  50  feet  (15.2  m).  The  range  registers  are 
512  bits  long,  resulting  in  a total  tracking  range  of  25,600  feet  (4.2  nmi  or 
7.8  km).  After  each  interrogation,  the  contents  of  the  high-speed  shift  reg- 
ister is  transferred  to  lower-speed  shift  registers  for  storage.  The  inter- 
rogations occur  at  0.5-second  intervals  during  each  3.5-second  track  cyclo. 

After  each  interrogation,  replies  which  do  not  represent  possible  aircraft 
trajectories  are  filtered  out.  At  the  end  of  the  track  cycle,  the  range  bins 
are  examined  for  trajectories  which  represent  threatening  aircraft.  For  a tra- 
jectory to  result,  responses  within  an  acceptance  window  must  be  received  at 
each  0.5-second  interval  during  the  track  cycle.  The  AVOID  II  evaluates  threats 
on  the  basis  of  the  number  of  bins  between  the  responses  to  the  first  and  last 
interrogations  in  the  3.5-second  cycle  and  the  range  of  the  first  response. 

That  is,  the  AVOID  II  does  not  actually  divide  the  range  by  the  range  rate  to 
determine  a value  for  Tau.  Associated  with  each  range  bin  is  a minimum  number 
of  bins.  Wien  this  number  is  exceeded  by  the  number  of  bins  skipped  between 
the  first  and  last  interrogation  responses,  a Tau- 2 or  Tau-1  threat  is  identified. 

In  order  to  establish  AVOID  II  measurement  accuracies  the  data  contained 
in  the  range-shift  registers  is  transferred  to  the  digital  interface  at  the 
end  of  each  3.5-second  track  cycle.  The  digital  interface  th^n  formats  the 
range  in  increments  of  100  feet  (30.5  m),  converts  the  number  of  bins  skipped 
into  range  rate  in  increments  of  10  feet  per  second  (305  m/s) , and  then  divides 
the  two  quantities  to  determine  the  Tau  value  for  that  event.  The  digital  in- 
terface then  transfers  the  formatted  data  to  the  tape  recorder. 

Significantly,  the  AVOID  II  actually  assesses  the  threat  status  of  targets 
based  on  50  foot  (15.2  m)  range  increments  while  the  digital  interface  allows 
evaluation  of  the  equipment’s  range  accuracy  only  to  100  foot  (30.5  m)  range 
increments . 
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All  of  the  encounters  flown  at  the  theodolite  range  were  conducted  with 
random  pulses  representative  of  the  1982  Los  Angeles  environment  injected  at 
the  antenna  ports  of  each  AVOID  II.  These  pulses  affect  the  accuracy  of 
measurements  since  the  AVOID  II  identifies  threats  based  on  all  possible  tra- 
jectories. The  random  pulses  do  not  reduce  the  magnitude  of  range  rate  measure- 
ments but  can  result  in  the  generation  of  a larger  than  actual  range  rate.  Dur- 
ing a normal  track  cycle,  any  trajectory  or  responses  which  do  not  represent 
a potential  threat  (ie.  a Tau  of  less  than  40  seconds  or  an  aircraft  within  the 
minimum  range  boundary)  are  discarded.  However,  in  order  to  allow  analysis  of 
the  AVOID  II  operation  in  all  regimes,  this  feature  was  disabled  during  flight 
tests.  For  example,  lange  accuracy  at  a separation  of  4 nautical  miles  could 
be  determined  at  all  range  rates  rather  than  only  higher  range  rates  which 
would  result  in  a threatening  situation. 

Range,  range  rate,  and  Tau  values  provided  by  the  AVOID  II  were  recorded 
on  the  digital  incremental  tape  recorder  along  with  the  time  at  which  the 
measurement  occurred.  The  time  sources  aboard  each  aircraft  as  well  as  the 
theodolite  time  were  synchronized  to  the  same  reference,  WWV  Boulder,  Colorado. 

In  order  to  compare  the  AVOID  II  data  with  the  theodolite  data,  a four-point 
Lagrangian  interpolation  was  used  to  obtain  the  theodolite  derived  range  and 
range  rate  between  aircraft  at  the  same  instant  of  time  that  the  AVOID  II 
measurements  occurred.  The  mean  error  and  standard  deviation  of  the  AVOID  II 
data  from  the  interpolated  theodolite  data  was  then  calculated. 

Table  XXVII  is  a typical  computer  printout  of  AVOID  II  range,  range  rate, 
and  Tau  measurements  and  the  simultaneous  (interpolated)  theodolite  data. 

The  AVOID  II  measurements  are  presented  in  the  first  column  of  each  group,  the 
theodolite  measurements  in  the  second  column  of  each  group,  and  the  difference 
between  the  two  measurements  in  the  third  column.  The  second  part  of  table 
XXVII  contains  the  mean,  the  RMS,  and  the  one  sigma  values  of  the  range,  range 
rate,  and  Tau  measurement  differences.  Table  XVIII  contains  similar  data  rel- 
evant to  the  second  aircraft  which  participated  in  the  encounter. 

A total  of  20  encounters  were  flown  at  the  theodolite  range,  resulting  in 
524  usable  events  for  data  comparison.  Table  XXIX  contains  the  measurement  ac- 
curacies achieved  by  the  AVOID  II  aboard  the  individual  aircraft  as  well  as  the 
overall  values. 

The  mean  error  of  all  AVOID  II  range  measurements  referenced  to  the  theo- 
dolite range  measurements  was  167  feet  (51  m)  with  a standard  deviation  of  120 
feet  (37  m) . The  mean  error  of  all  AVOID  II  range  rate  measurements  referenced 
to  the  theodolite  range  rate  measurements  was  6.6  knots  (3.4  m/s)  with  a standard 
deviation  of  6.6  knots  (3.4  m/s). 
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TABLE  XXIX.  RANGE  AND  RANGE  RATE  ERROR  STATISTICS 
Data 


Sample 

Range  Error 

Range  Rate 

Error 

Group 

N 

Mean 

Sigma 

Mean 

Sigma 

NC-117 

267 

174  ft 

107  ft 

6.2  kn 

6.6  kn 

(53  m) 

(33  m) 

(3.2  m/s) 

(3.4  Vs) 

P-3A 

2S7 

159  ft 

132  ft 

7.1  kn 

6.6  Nii 

(48  m) 

(40  m) 

(3.7  m/s) 

(3.4  m/s) 

P-3A  6 

524 

167  ft 

120  ft 

6.6  kn 

6.6  kn 

NC-117 

(51  ») 

(37  m) 

(3.4  m/s) 

(3.4  m/s) 

- 113  - 
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Janes  J.  Bagnall , Jr. 

Science  end  Technology  Division 
Institute  For  Defense  Analysis 
400  Array-Navy  Drive 
Arlington,  Virginia  22202 

Subject i AVOID  INTERROGATION  AND  FRUIT  RATES 
SUMMARY 


Honeywell  Inc.  has  conducted  a rtudy  to  determine  the  interrogation  and  fruit  rates 
expected  in  the  L.A.  Basin  in  1982. 

The  baseline  air  traffic  model  used  was  Snapshot  1 as  given  in  the  Mitre  Cor- 
poration Report1.  Snapshot  1 contains  743  aircraft.  Calculations  normalized 
to  800  aircraft  are  also  included. 

The  basic  analytic  approach  was  to  treat  each  aircraft  in  the  model  on  an  in- 
dividual basis.  The  computer  was  used  extensively  due  to  the  large  number  of 
calculations  involved' 

All  IFR  aircraft  were  assumed  to  be  equipped  with  the  AY0ID-I  CAS  (ANTC-117 
threat  criteria). 

VFR  aircraft  were-assumed  to  be  equipped  with  the  AVOID-II  CAS  that  is  to  be 
delivered  to  NADC  . The  AVOID-II  is  designed  for  General  Aviation  aircraft  that 
operate  under  10,000  feet. 

The  resulting  mix  of  CAS  equipment  is  approximately  15  percent  AVOID-I  and  85 
percent  AVOID-II. 

The  expected  fruit  rates  over  the  LA  terminal  and  at  a point  15  miles  east  and 
10  miles  south  of  the  terminal  were  calculated.  The  latter  position  is  at  the 
approximate  center  o.  the  most  dente  air  traffic. 

Average  interrogation  rates  (transmitted  and  received)  for  the  AVOID-I  and  AVOID-II 
were  also  calculated. 

• • • • * < 

From  the  received  fruit  and  interrogation  rates  the  transponder  blockage  and  the 
false  alarm  rates  for  the  AVOID-I  and  AVOID-II  were  estimated. 

Tha  results  of  these  calculations  ate  summarized  on  page  two. 


^"Statistical  Summary  of  the  1982  Los  Angeles  Bsin  Standard  Traffic  Model", 
April  1973,  MTR-6387. 
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James  J.  Bagnall,  Jr. 

Science  end  Technology  Division 
Institute  For  Defense  Analysis 
400  Army-Navy  Drive 
Arlington,  Virginia  22202 

Subject:  AVOID  INTERROGATION  AND  FRUIT  RATES 

SUMMARY 


Honeywell  Inc.  has  conducted  a study  to  determine  the  interrogation  and  fruit  rates 
expected  in  the  L.A.  Basin  in  1982. 

The  baseline  ai^  traffic  model  used  was  Snapshot  1 as  given  in  the  Mitre  Cor- 
poration Report1.  Snapshot  1 contains  743  aircraft.  Calculations  normalized 
to  800  aircraft  are  also  included. 

The  basic  analytic  approach  was  to  treat  each  aircraft  in  the  model  on  an  in- 
dividual basis.  The  computer  was  used  extensively  due  to  the  large  number  of 
calculations  involved. 

All  IFR  aircraft  were  assumed  to  be  equipped  with  the  AVOID-I  CAS  (ANTC-117 
threat  criteria). 

VFR  aircraft  were.assumed  to  be  equipped  with  the  AVOID-IX  CAS  that  is  to  be 
delivered  to  NADC  . The  AV0ID-I1  is  designed  for  General  Aviation  aircraft  that 
operate  under  10,000  feet. 

The  resulting  mix  of  CAS  equipment  is  approximately  15  percent  AVOID-I  and  85 
percent  AVOID-II. 

The  expected  fruit  rates  over  the  LA  terminal  and  at  a point  15  miles  east  and 
10  miles  south  of  the  terminal  were  calculated.  The  latter  position  is  at  the 
approximate  center  of  the  most  dense  air  traffic. 

Average  interrogation  rates  (transmitted  and  received)  for  the  AVOID-I  and  AVOID-Il 
were  also  calculated. 

From  the  received  fruit  and  interrogation  rates  the  transponder  blockage  and  the 
false  alarm  rates  for  the  AVOID-!  and  AVOID-II  were  estimated. 

The  results  of  r.hese  calculations  are  summarized  on  page  two. 


^"Statistical  Summary  of  the  1982  Los  Angeles  Bsin  Standard  Traffic  Model", 
April  1973,  MTR-6387. 

?RFP  N62269-74-P.-0674.  ...  
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SUMMATION  OF  RESULTS1 


AVOID-I 

AVOID-II 

Average  Interrogations 
Transmitted  per  second 

11.0 

9.4 

Average  Interrogations 
Received  per  second 

2158 

1240 

Fruit  Pulses  Received 
per  second 

78,715 

47,592 

Probability  of  Response 
(single  Interrogation) 

0.92815 

0.96000 

Probability  of  Response 

(one  or  more  of  three  interrogations) 

0.99963 

0.999936 

Probability  of  Detecting  Threat 
(First  Set) 

20.983 

30.995 

Probability  of  Detecting  Threat 
(Remaining  Sets) 

2 0.997 

3 0.9995 

Probability  of  False  Alarm 
(per  altitude  band  per  sequence) 

6.325  X 10~8 

7.12  X 10“U 

Hours  per  False  Alarm 
(all  bands) 

✓ 

6000 

7.2  X 106 

Hours  per  False  Alarm 
(coaltitudc) 

1.3  X 106 

1.2  X 109 

Notts:  1)  These  results  tre  based  on  an  aircraft  at  an  altitude  of  5000 

feet  in  the  highest  density  region  of  the  L.A.  Basin  with 
the  loop  sensitivity  2 dl  above  nominal. 

2)  The  probability  of  an  AVOID-I  or  an  AVOID-II  detecting  an 
AVOID- I. 

3)  The  probability  of  an  AVOID-I  or  an  AVOID-II  detecting  an 
AVOID-II. 
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A.  INTRODUCTION 


The  average  fruit  rrte  received  by  an  AVOID  receiver  can  be  estimated 
if  the  interrogator.  and  response  rates  of  all  aircraft  within  conanuni- 
cation  range  are  known*  The  fallowing  figure  identifies  the  parameters 
that  oust  be  determined. 


AVOID 

RECEIVER 


RESPONSES  AND 


No. 


No. 


IFR 

VFR 

IFR 

VFR 


The  AVOID  receiver  under  question  receives  responses  and  interrogations  from 
a given  number  of  IFR  and  VFR  aircraft  (AVOID-I  and  AVOID-II).  The 
number  of  fruit  pulses  transmitted  by  each  aircraft  is  determined  by  the 
number  of  interrogations  each  receives.  This  is  stated  in  equation  form 
below: 


AVOID- I FRUIT  EQUATION 

(NO.  AVOID- I RESPONDERS)  (AVERAGE  NO.  AVOID- I INTERROGATORS) 

5 

+(N0.  AVOID- I RESPONDERS)  ( AVERAGE  NO.  AVOID-II  INTERROGATORS)  ^2 

5 

+(NO.  AVOID-II  RESPONDERS)  (AVERAGE  NO.  AVOID-I  INTERROGATORS) 

5 

+(NO.  AVOID-II  RESPONDERS)  (AVERAGE  NO.  AVOID-II  INTERROGATORS)  ^2 

5 

■KNO.  AVOID-I)  + (NO.  AVOID-II)  4R2 


The  last  two  terms  in  the  equation  account  for  interrogations  received 
during  the  "listening  period"  by  the  receiver  for  which  fruit  is  being 
calculated. 


d - - 
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The  R.  and  R_  terns  are  tha  average  interrogation  rates  of  the  AVOID-I 
and  AvOID-II  respectively.  The  interrogation  rttes  are  divided  by  5 
due  to  the  altitude  descrimination  utilized  in  the  system  which  allows 
it  to  respond  to  only  approximately  1/S  of  the  interrogations  received. 

B.  average  transmitted  interrogation  rates 


The  Interrogation  rate  depends  on  the  interrogation  decision  logic  and 
threat  status.  A computer  program  was  written  to  determine  the  threat 
status  of  each  aircraft  in  Snapshot  1. 

The  programmed  threat  criteria  for  all  ZFR  aircraft  was  similar  to  ANTC-117 
requirements.  The  threat  criteria*  altitude  bands  and  interrogation 
schedule  for  all  IFR  aircraft  are  given  in  figures  1*  2,  and  3 respectively. 

The  threat  criteria*  altitude  bands  and  interrogation  schedule  for  all 
General  Aviation  aircraft  (VFR)  is  given  in  figures  4*  3*  and  6 respectively. 

It  was  assumed  all  aircraft  interrogated  the  first  three  sets  with  the  re- 
maining  sets  interrogated  only  if  a threat  occurred  in  the  Interrogated 
band.  The  required  interrogations  for  the  AVOID-I  (IFR)  with  a threat  is 
shown  in  Figure  3 and  for  the  AVOID-II  (VFR)  with  a threat  in  Figure  6. 

In  these  two  figures  a "T"  indicates  a tau  threat  and  "H"  an  altitude 
correlation.  The  interrogation  decision  logic  used  assumed  an  aircraft 
was  not  in  violation  of  a displayed  advisory.  For  example,  if  a limit 
climb  to  less  than  500  fpm  advisory  was  displayed  it  was  assumed  the  climb 
rate  "A"  was  lass  than  300  fpm  and  therefore  the  +15  and  +.76  Interrogations 
ware  not  made. 


AVOID-I 


Number  of  Aircraft  Total  Interrogations  (3.7  sec) 


IFR  WITH  NO  THREATS 
IFR  WITH  ONE  OR  MORE 

53 

732 

THREATS 

60 

3852 

113 

4584 

AVERAGE  INTERROGATION 

rate  4584 

“Il3?3.7)  - 11.0 

PER  SECOND 

This  interrogation  rate  was  assumed  for  all  IFR  aircraft  in  subsequent 
calculations. 

A similar  correlation  of  threat  status  and  interrogation  decision  logic  for 
tha  630  VFR  aircraft  was  completed.  The  results  are  tabulated  below: 
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AVOID- I I 


VFR  WITH  NO  THREATS 
VFR  WITH  ONE  OR  MORE 
THREATS 


Number  of  Aircraft 

336 

274 

*30 


Total  Interrogations  (3.7  sec) 

4272 

17640 

21912 


AVERAGE  INTERROGATION  RATE 
PER  SECOND 


21,912 

630(3.7) 


9.4 


This  Interrogation  rate  was  assumed  for  all  VFR  aircraft  in  subsequent 
calculations. 

C.  AVERAGE  COMMUNICATION  RANGES 


Tha  baseline  AVOID  power  and  sensitivity  are  sumnarized  below: 

AVOID  POWER  BUDGET  SUMMARY  (BASELINE  DESIGN) 

RECEIVER  SENSITIVITY 


AVOID- I 
AVOID- I I 


POWER  TRANSMITTED( EACH  ANT.) 

58dBm 

55dBm 


-7 ldDra 
-68 dBm 


The  power  budget  was^chosen  to  obtain  near  equal  gain  margins  for  all 
communication  links.  The  baseline  communication  link  parameters  are 
listed  below: 


REQUIRED 

PATH 

LOOP 

GAIN 

AVG.COMM. 

XMITTER  RECEIVER 

RANGE (FT) 

LOSS(dB) 

SEIISITIVITY(dB) 

MARGIN(dB) 

RANGE (mi) 

AVOID- I AVOID-I 

52,800 

121 

129 

8.0 

17 

AVOID- I AVOID- I I 

43,500 

119.5 

126 

6.5 

12 

AVOID- I I AVOID-I 

43,500 

119.5 

126 

6.5 

12 

AVOID- 11  AVOID- I I 

25 „ 600 

115.0 

123 

8.0 

8.4 

By  Increasing  the 

transmitted 

power  of 

each  AVOID  transmitter  (each  antenna) 

by  2dB  the  average 

communication  range 

increases  to  the  value*  given 

in 

the  following  tabl 

e: 

COMMUNICATION  LINK  PARAMETERS  (+2dB) 

REQUIRED 

PATH 

LOOP 

GAIN 

AVG.COMM. 

MARGIN (dB) 

RANGE(mi) 

AVOID-I  AVOID-I 

52,800 

121 

131 

10.0 

21.4 

AVOID-I  AVOID-Il 

43,500 

119.5 

128 

8.5 

15.1 

AVOID- I I AVOID-I 

43,500 

119.5 

126 

6.5 

15.1 

AVOID- I I AVOID-II 

A • 

25,600 

• V 

115.0 

125 

10.0 

10.6 

^The  AVOID- I flight  test  models  have  the  same  loop  sensitivity  (transmitted 
power  ■ 55dBm»  Receiver  sensitivity  “ -74dBm) 
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4 

The  IDA  report  estimated  that  the  average  commmicatlon  range  between  two 
AVOID- I systems  with  129d&&  loop  sensitivity  to  be  17mi  when  using  the 
antenna  patterns  o f a Boeing  737  which  has  e forward  gain  of  3dB.  The  same 
report  estimated  that  communication  range  between  two  AVOID-II  systems 
with  126dBm  loop  sensitivity  and  omnidirectional  antenna  patterns  to  be 
12  nsi.  Since  the  bsseline  AVOID-II  loop  sensitivity  is  124dBm  (required 
range  was  reduced  to  25,600  ft),  the  average  communication  range  between 
two  AVOID-II  systems  is  8.4nmi. 

The  AVOID-I  to  AVOID-II  communication  range  was  estimated  by  Honeywell  to 
be  12nmi  (loop  sensitivity  of  126dB).  This  assumes  omnidirectional  antenna 
patterns  on  both  aircraft. 

D.  AVERAGE  FRUIT  AND  INTERROGATIONS  RECEIVED 

4 

A computer  program  was  written  to  determine  the  number  of  aircraft 
(snapshot  1)  in  communication  given  the  communication  ranges  listed  in 
Section  C.  The  progrsm  was  modified  twice  as  shown  belowt 


CENTER 


COMM,  RANGE 


LA  TERMINAL 

15  MI  EAST,  10  Ml  SOUTH 
15  MI  EAST,  10  MI  SOUTH 


BASELINE 

BASELINE 

+2dB  to  LOOP  SEN. 


The  number  of  aircraft  in  communication,  the  fruit  received  and  the  interro- 
gations received  is  summarized  on  pages  6,  7,  S,  and  9.  A sample  calculation 
Is  given  belowi 

SAMPLE  CALCULATION  OF  AVOID-I  FRUIT  AND  INTERROGATION  RATE 
[RESPONSES  RECEIVED  (15  MILES  EAST,  10  MILES  SOUTH)] 
l/5[25(24)(H.O)  + 25(91)(9.4)  + 120(13)(11.0)  + 120(55)(9.4)J 
Responses  Received  *■  21,437 


INTERROGATIONS  RECEIVED 
25(11.0)  + 120(9.4)  - 1403 
TOTAL  FRUIT  RECEIVED 

[21,437  + 4(1403)]  1.3  - 35,164  Fruit  Pulses/Sec. 


/Cont • . . 


4 

"A  review  anJ  analysis  of  the  Honeywell  collision  Avoidance  System",  IDA  Study 
B-424  Oct.  1973. 


1 


p 
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AVOID- 1 AT  15  MI  EAST.  10  MI  SOUTH 


CENTO!  <*- 

BASEUNE 
GAIN  MARGIN 


25(IFR) 


120 (VFR) 


S.4  mi 


24(IFR) 


•91  (VFR) 


13  (IFR) 


•55 (VFR) 


CENTER  «*- 
42dD 

INCREASE  IN 
GAIN  MARGIN 


21.4  ml 


10.1  ml 


42(IFR) 


•I64(VFR) 


21.4  mi ' 


15.1  ml ' 


■15.1  ml 


33(IFR) 


• I25(VF  R) 


' 20(IFR) 


■10.6  ml 


■78(VFR) 


- A- 10  - 
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AVOID-II  AT  15  MI  EAST.  10  MI  SOUTH 


12  ml 


6.4  ml 


12(IFR) 


A-'7”' 

' 12  ml 


55(VFR) 


CI2  ml 
6.4  ml 


25(IFR) 
I02(VFR) 
12  (IFR) 

• 59(VFR) 


20  (IFR) 


j 21.4  ml 

N 16.1  ml 


99(VFR) 


c 


15.1ml 


10.6  ml 


•36{IFR) 
144 (VFR) 
> 19  { IFR) 
-85 (VFR) 


A-ll  - 


....  to  i^a-  ■ 
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The  interrogations  received  are  multiplied  by  4 because  each  interrogation 
contains  4 pulses.  The  1.3  factor  accounts  for  an  average  multipath  reception 
rate  of  30  percent.  The  1/S  factor  is  included  because  only  approximately 
1/S  of  the  interrogations  received  require  a reply. 

The  Increased  loop  sensitivity  of  AVOID-I's  operating  above  10,000  feet  (+4dB 
transmitter  power)  from  each  antenna  was  not  included  in  the  calculation  of 
number  of  aircraft  in  communication.  These  aircraft  will  require  very  few 
responses  that  contribute  to  fruit. 

E.  TRANSPONDER  BLOCKAGE 


The  maximum  Interrogation  received  rate  occurs  15  miles  east  and  10  miles 
south  of  the  L.A.  center.  At  this  location,  with  -t-2dB  added  to  the  loop 
sensitivity,  the  AVOID-1  receives  2004  interrogations  per  second  and  the 
AVOID-II  receives  1151  interrogations  per  acond.  Xf  the  assumed  number 
of  aircraft  is  800  in  place  of  the  743  aircraft  in  the  model  the  interro- 
gation received  rate  is  increased  by  a factor  of  800/743  resulting  in 
2158  Interrogations  per  second  received  by  the  AVOXD-I  and  1240  interro- 
gations per  second  received  by  the  AV0XD-1X.  Of  the  interrogations  received 
30  percent  will  have  an  associated  multipath  signal  and  20  percent  will 
require  the  AVOID  system  to  respond.  The  received  interrogations  can  thus 
be  divided  into  the  following  categories. 


AVOID- I 

AVOID-II 

Category 

1209 

694 

Response  not  required,  No  multipath  received 

518 

298 

Response  not  required,  Multipath  signal  received 

302 

174 

Response  required.  No  multipath  received 

129 

74 

Response  required.  Multipath  signal  received 

2158 

1240 

Total 

With  no  response  required  and  no  multipath  signal  the  second  response 
channel  is  blocked  for  a maximum  of  16  microseconds.  With  no  response 
required  and  multipath  blocking  the  second  channel  the  processor  is  blocked 
for  a total  of  46.3  microseconds,  for  an  aircraft  at  an  altitude  of  5000 
feet.  With  a response  required  and  no  multipath  signal  the  second  channel 
is  blocked  for  16  microseconds  and,  when  the  response  is  transmitted,  both 
channels  are  blocked  for  an  additional  3 microseconds.  With  a response  re- 
quired and  multipath  the  transponder  is  blocked  until  3 microseconds  after 
the  response  is  transmitted  or  70.6  microseconds  for  an  altitude  of  5000 
feet.  The  approximate  AVOXD-X  and  AV0XD-IX  blockage  from  received  interro- 
gations is  thus* 

AVOID- I AVOID-II 


1209  X 16.0X10"6  - 
318  X 46.3X10’6  - 
302  X 19  X 10"6  - 
129  X 70.6X10*6  - 


01934 

694 

02398 

298 

00574 

174 

00911 

74 

x 16.0X10*6  » .oiiio 
X 46.3X10-6  - .01380 
X 19.0X10*6  » .00331 
X 70.6X10"6  - .00522 


Total  *05817  sec/sec 


•03343  sec/sec 


Zn  addition  to  the  interrogations  received  the  AVOXD-X  receives  44,184 
responses  per  second  and  the  AV0XD-IX  receives  26,957  responses  per  second 
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in  the  743  aircraft  environment . Por  800  aircraft  and  assuming  30  percent 
multipath  thasc  numbers  would  be  increased  by  a factor  of  (800/743)*  X 1.3 
resulting  in  66,590  responses  per  second  received  by  the  AVOID-I  and  40,628 
responses  per  second  received  by  the  AVOID-II.  The  pulse  pair  decoders  havc.a 
100  nanosecond  gate  therefore  the  AVOID-!  will  decode  approximately  (66,590)^X100 
X 10”’  “ 165  responses  per  second  as  interrogations*  Each  response  decoded 
as  an  interrogation  will  block  the  system  for  16  microseconds.  For  the 
AVOID-I  this  will  result  in  a blockage  of  443  X 16.0  X 10”^  » .00709  sec/sec  and 
the  AVOID- II  will  be  blocked  for  approximately  165  X 16.0  X 10“6  - .00264  sec/sec. 


The  maximum  transmitted  interrogation  rate  is  156  interrogations  per  3.7 
seconds  for  the  AVOID-I  or  42  interrogations  per  second.  For  the  AVOID-II 
the  maximum  transmitted  interrogation  race  is  93  interrogations  per  3.7 
seconds  or  25  interrogations  per  second.  A transmitted  interrogation 
blocks  the  response  circuits  from  transmission  of  the  first  pulse  until 
112  microseconds  after  the  last  pulse  is  transmitted.  For  an  aircraft 
at  5000  feet  this  blockage  is  [32.6  + 12.4  + 112.0]  « 157.0  microsecond 
per  Interrogation  or  for  the  AVOID-1  .00659  sec/sec  and  .00393  sec/sec  for  the 
AVOID-11.  The  total  possible  blockage,  at  5000  feet,  from  transmitted  in- 
terrogations is: 


AVOID-I  AVOID-II 


Blockage  Type 


.05817 

.00709 

.00659 


.03343  Interrogations  Received 

.00264  Responses  Received 

.00393  Interrogations  Transmitted 


.07185  sec/sec  .04000  sac/sec  TOTALS 


In  actual  practice  transponder  blockage  will  be  less  than  the  above 
calculations  Indicate  for  the  following  reasons: 

1)  It  was  assumed  that  all  interrogations  which  had  an  associated 
seiltlpath  signal  activated  both  channels.  In  practice  the  second 
channel  inhibit  would  block  the  majority  of  the  multipath  signals. 

2)  For  the  AVOID-1  the  maximum  interrogation  transmitted  rate  can 
only  be  achieved  for  an  aircraft  in  violation  of  an  advisory  and/ 
or  command. 

3)  It  was  assumed  all  blockage  was  directly  additive. 

The  probability  of  an  AVOID-I  responding  to  an  interrogation  is  therefore 
0.92815  and  for  an  AVOID-II  the  probability  is  0.96G00.  The  probability 
of  an  AVOID-I  responding  to  one  or  more  of  3 interrogations  is  0.99963 
for  an  AVOID-II  this  probability  is  0.999936. 

For  AVOID-I  with  a threat  outside  the  coaltitude  band  (-600  to  +600) 
the  probability  the  threat  la  detected  is  0.997  assuming  three  interro- 
gations per  set.  If  two  interrogations  are  made  in  the  first  three  sets 
the  probability  is  0.983  of  the  threat  being  detected. 

For  an  AVOID-I  with  a coaltitudc  threat  the  probability  of  the  threat  being 
detected  is  0.995  (three  interrogations  per  set  for  eight  sets  and  three 
interrogations  per  set  for  five  sets  of  correlation  data).  If  two  interro- 
gations are  made  in  the  first  three  sets  the  probability  is  0.981  of  the  threat 
being  detected. 
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F.  False  Alarm  Rate 


To  display  a threat  the  AVOID  systems  require  that  the  threat  exist  on 
two  successive  sequences  and  the  last  set  of  the  first  sequence  is 
correlated,  in  range,  with  the  first  set  of  the  second  sequence.  This, 
in  effect,  requires  consistent  track  for  16  sets.  The  probability  of 
displaying  an  Alarm,  P(DA),  is  therefore: 

Mbnax 

P(DA)  - 2^NT'P11*P12*P13,P14*P15‘P16‘P17*P18^  * 

XhmQ 

Nr*[NT»P21-P22*P23*P24.P25-P26.P27.P28] 

where  R - Range 

Rmax  — Maximum  allowable  Range 
* Allowable  number  of  tracks 

Mg  — Range  correlation  constant 

F.g  “ Probability  the  intruder  equation  is  satisfied 
J in  sequence  j,  set  k. 

For  an  AVOID  system,  below  9600  feet,  the  maximum  bin  skip  is  64  bins, 

The  minimum  allowable  bin  skip,  is  a function  of  range.  Reference  t«  the 
AVOID- I manual,  Table  2,  shows  that  the  threat  criteria  is  a bin  skip  of 
64  at  a range  of  51,550  to  52,200  feet.  Therefore  the  maximum  range  of 
an  AVOID-I  system  below  9600  feet  is  52,200  feet  and  NT  equals  l for  ranges 
between  51,550  and  52,200  feet.  For  others  range  Nj  will  be  increased 
by  1 for  each  650  feet  below  the  maximum  range.  For  example  at  a range 
of  30,000  feet  the  threat  criteria  is  a bin  skip  of  30  providing 
64  - 30  + 1 - 35  possible  tracks  (Nx  - 35). 

The  intruder  equation,  figure  7 in  the  AVOID-I  manual,  has  an  average  width 
of  3.27  bins  for  sets  2 through  7,  that  is  there  is  an  average  of  1220 
paths  from  Hi  to  Ai  through  the  6 intermediate  sets  and  (1220) V6  - 3.27. 
The  probability  that  the  intruder  equation  is  satisfied  for  sets  2 
through  7 is  therefore  3.27  times  mu  where  mu  equals  the  probability  a 
single  bin  is  occupied. 

For  the  first  and  last  sets  of  each  sequence  the  intruder  equation  is 
one  bin  wide  therefore  the  probability  the  intruder  equation  is  satis- 
fied equals  the  probability  a single  bin  is  occupied. 

The  range  correlation  constant  for  the  AVOID-I  system  is  13,  that  is 
there  is  13  bins  where  the  second  sequence  can  start. 

The  probability  of  a displayed  alarm  is  therefore: 

RfRmax 

P(D^)  . 13  . (3.27)  , nUjj  . ...  mu  ^g  • mu2 ^ . °u22  ...mu^g 

R-0 
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where  mu  is  the  target  density  per  bin  and  depends  on  the  sequence  and  set. 

The  target  density  per  bin  is  the  sum  of  asynchronous  (fruit)  and  synchronous 
(response)  signals.  The  AVOID-X  fruit  level  is  78,  715  pulses  per  second. 
With  three  interrogations  per  altitude  band  per  set  and  100  nanoseconds  per 
bln  the  fruit  density  per  bin  (F)  is 

.0 

t - 78,  715  X 3 X 100  X 10  * - 0.0236  Targets/bin 

The  aircraft  target  density  per  bin  (A)  is  a function  of  range  and  is 
approximated  by  the  equation! 

2 

A - (2  7TUPoWo)Rem(R/Rl) 


where  H ■ 0.2  (probability  aircraft  is  In  interrogated  band) 

Po  - 0.04  (aircraft  density  per  sq.tai.) 

Vo  • 50.0  (Range  bin  width) 

R • Range 

R^  * 9.0  mi.  (Range  density  parameter) 

The  target  density  per  bln  for  sequence  1 set  1 (mu^)  equals  F + A: 
muu  - F+A  - 0.0236  + (2THoPoVo)  Re*(R/V~ 

Since  the  same  aircraft  can  not  satisfy  two  different  sets,  except  for  set  8 of 
sequence  1 and  set  1 of  sequence  2,  the  Aircraft  target  density  for  set  2 
is  lower  than  set  1.  The  target  density  for  set  2 of  sequence  1 is: 


mu12  - F + (N2/N1)A 

share  ■ expected  number  of  aircraft  in  set 

H2  “ expected  number  of  aircraft  in  set 

and  the  relationship  between  and  N2  is: 

N2  “ AfF  + AfF  " ViW 


1 

2 


for  set  3 of  sequence  1 the  relationship  between 


• N 


Hhare 


Aj  - (Hj/N^A 


N2  and  Nj 


is: 


Using  the  equations  given  above  the  displayed  false  alarm  rate  for  the  AV01D-X 
and  AVOID-IX  systems  were  calculated.  The  results  are: 

P(DA)  ■ 6.325  X 10  ® per  altitude  band  per  sequence  for  AV01D-1 

P(DA)  • 7.12  X 10~**per  altitude  band  per  sequence  for  AVOID- IX 
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In  the  AVOID-I,  the  false  alarm  rate  per  hour  is  approximately  16,000 
hours  per  1300  foot  altitude  band.  An  AVOID-I  in  level  flight  interrogates 
two  altitude  bands,  0 to  +1300  feet  and  0 to  >1300  feet.  The  expected 
false  alarm  rate  is  therefore  one  false  alarm  per  8000  hours. 

In  order  to  generate  a coaltitude  false  alarm  altitude  correlation  must 
occur  In  10  of  the  16  sets.  The  probability  of  altitude  correlation  is 
approximately  0.6  per  set  or  0.006  for  10  sets.  Therefore  only  0.6  per> 
cent  of  the  false  alarms  will  be  coaltitude  alarms  with  the  remainder  of 
the  alarms  as  limit  climb  rate  advisories. 

Sincerely, 

HONEYWELL,  INC. 

Government  ar.d  Aeronautical 

Products  Division 


Roger  V.  Goggins 
Development  Engineer 
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1.0  SYSTEM  DESCRIPTION 

1.1  General 

The  AV01D-I1  is  an  aircraft  Collision  Avoidance  System  (CAS)  that  generates 
advisories  and/or  commands  based  on  the  relative  altitude,  range,  and  range 
rate  of  all  intruder  aircraft. 

The  advisories  provide  the  pilot  with  a visual  indication  of  safe  manuevering 
limits*  The  commands  indicate  the  appropriate  escape  manuever. 


Commands: 

A command  is  displayed  if  the  projected  time  to  collision  is  less  than 
25  seconds  and/or  the  intruder  range  is  less  than  2500  feet  and  the  intruder 
relative  altitude  is  less  than  650  feet*  The  commands  are  DIVE,  CLIMB,  or 
FLY  LEVEL. 

Advisories: 

An  advisory  is  displayed  if  the  projected  time  to  collision  is  less  than 
40  seconds  and/or  the  intruder  range  is  less  than  6000  feet  and  the  in- 
truder relative  altitude  is  less  than  1250  feet.  The  advisories  are 
LIMIT  CLIMB  TO  500  FPM  and  LIMIT  DIVE  TO  500  FPM. 

Range  Data: 

In  addition  to  the  commands  and  advisories,  the  range  is  displayed  for  all 
intruders  whose  projected  time  to  collision  io  less  than  40  seconds  and/or  the 
truder  range  is  less  than  6000  feet  and  the  intruder  relative  altitude  is 
less  than  650  feet.  The  range  data  is  provided  in  1000  foot  increments 
from  zero  to  8000  feet  and  in  2000  foot  increments  from  8000  to  24,000 
feet*  A separate  display  is  provided  for  the  above  and  below  bands* 

1.2  General  System  Operation 


The  AV0IDr.II  system  operates  on  a cooperative  basis  with  other  like  equipped 
aircraft.  Thu  system  is.  in  effect,  a 1.6  GHz  pulse  beacon  ranging  system. 
Each  GAS  serves  both  an  interrogation  and  response  function.  There  are  three 
modes  of  operation?  interrogation,  response,  and  self  test. 

During  the  interrogation  mode,  pulse-coded  RF  energy  is  radiated  from  two 
antennas  mounted  on  the  aircraft  surfaces.  All  other  similarly  equipped  air- 
craft, within  communication  range  receive  the  coded  interrogation.  The  inter- 
rogation pulses  specify  the  aLtitude  that  is  being  interrogated. 

In  the  response  mode,  the  AVOID  system  compares  the  interrogated  altitude  with 
its  own  altitude,  a response  consisting  of  a single  pulse  is  transmitted  if 
the  altitude  comparison  indicates  the  interrogated  altitude  is  within  650  feet 
of  own  altitude. 
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\,2  General  System  Operation  (Cont.) 

The  AVOID-II  is  in  the  response  mode  a minimum  of  99.7  per  cent  of  the  time. 

I 

In  the  self  test  mode,  the  AVOID  system  has  normal  operation  except  the  trans- 
mitted interrogation  is  received  as  a response  signal. 

The  AVOID  system  determines  an  intruders  range  by  the  two  way  tranamission  delay, 
range  rate  by  comparing  ranges  over  a 3.5  second  period,  and  the  relative 
altitude  by  comparing  responses  received  at  the  altitudes  interrogated. 


1.3  Equipment  Description 

The  AVOID-II  CAS  is  composed  of: 

Interrogator/Transponder  Unit  HG1035AA01 
Indicator  Unit  SK132316 

Antennas,  two  per  Installation,  omnidirectional 
Ancillary  Equipment: 

In  the  AVOID-II  system,  the  required  altitude  data  is  supplied  by  an 


Encoding  Altimeter. 

1.4  System  Parameter  Summary 

Power  Output 

Carrier  Frequency 

Modulation  Type 

Pulse  Width 

PRF  (Interrogations) 

Time/ Sequence 

Receiver  Sensitivity 

Local  Oscillator  Frequency 

Protected  Volume 

. Range 
Altitude 

Accuracy  (full  environmental) 

Rar  v 

Rang  x Rate 
Warmup  Time 
Power  Requirements 

Weight 

Size 


+54  dbm  (minimum) 

1607.5  + 1.5  MHz 
Pulse  Coded 

100  + 20  nanoseconds 

Maximum  of  93  per  3.75  second  sequence 

3.75  + 0.20  seconds  (Jittered) 

•68  dbm  minimum 

1547.5  + 1.0  MHz 

0 to  25,600  feet 
+ 1250  feet  relative 

± 300  feet 
+ 17  feet/ sec 

2 minutes 

28  VDC,  3 amps 
115  VAC,  0.35  amps 

Transponder  >11  lbs 
Display  - 2 lbs. 

Transponder  3/8  ATR  Short 
Display  75  in.J 
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1.0  SYSTEM  DESCRIPTION 

1.1  General 

The  AVOID- II  is  an  aircraft  Collision  Avoidance  System  (CAS)  that  generates 
advisories  and/or  commands  based  on  the  relative  altitude,  range,  and  range 
rate  of  all  intruder  aircraft. 

The  advisories  provide  the  pilot  with  a visual  indication  of  safe  manuevering 
limits.  The  commands  indicate  the  appropriate  escape  manuever. 


Commands: 

A command  is  displayed  if  the  projected  time  to  collision  is  less  than 
25  seconds  and/or  the  intruder  range  is  less  than  2500  feet  and  the  intruder 
relative  altitude  is  less  than  650  feet.  The  commands  are  DIVE,  CLIMB,  or 
PLY  LEVEL. 

Advisories: 

An  advisory  is  displayed  if  the  projected  time  to  collision  is  less  than 
40  seconds  and/or  the  intruder  range  is  less  than  6000  feet  and  the  in- 
truder relative  altitude  is  less  than  1250  feet.  The  advisories  are 
LIMIT  CLIMB  TO  500  FPM  and  LIMIT  DIVE  TO  500  FPM. 

Range  Data: 

In  addition  to  the  commands  and  advisories,  the  range  is  displayed  for  all 
intruders  whoso,  projected  time  to  collision  is  less  than  40  seconds  and/or  Liu?  ii 
truder  range  Is  less  than  6000  feet  and  the  intruder  relative  altitude  is 
less  than  650  feet.  The  range  data  is  provided  in  1000  foot  increments 
from  zero  to  8000  feet  and  in  2000  foot  increments  from  8000  to  24,000 
feet.  A separate  display  is  provided  for  the  above  and  below  bands. 

1.2  General  'jystem  Operation 

The  AVOID-II  system  operates  on  a cooperative  basis  with  other  like  equipped 
aircraft.  The  system  is,  in  effect,  a 1.6  GHz  pulse  beacon  ranging  system. 

Each  CAS  serves  both  an  interrogation  and  response  function.  There  are  three 
modes  of  operation:  Interrogation,  response,  and  self  test. 

During  the  interrogation  mode,  pulse-coded  RF  energy  io  radiated  from  two 
antennas  mounted  on  the  aircraft  surfaces.  All  other  similarly  equipped  air- 
craft, within  communication  range  receive  the  coded  interrogation.  The  inter- 
rogation pulses  specify  the  altitude  that  is  being  interrogated. 

In  the  response  mode,  the  AVOID  system  compares  the  interrogated  altitude  with 
its  own  altitude,  a response  consisting  of  a single  pulse  is  transmitted  if 
the  altitude  comparison  indicates  the  interrogated  altitude  is  within  650  feet 
of  own  altitude. 
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System  Operation 
Interrogation  Message 

The  interrogation  message  format  is  given  at  the  top  of  Figure  1.  The  first 
two  pulses  in  an  interrogation  message  are  separated  by  500  nanoseconds  and 
the  second  two  pulses  by  600  nanoseconds.  The  first  two  pulses  (pulse  pair 
one)  indicate  the  start  of  an  interrogation  message  and  can  thus  be  distin- 
guished from  the  second  two  pulses  (pulse  pair  two)  which  complete  the  inlerro 
gation  message. 

The  separation  between  the  first  and  third  pulse,  start  of  pulse  pair  one 
to  start  of  pulse  pair  two,  indicates  the  interrogated  altitude.  This 
separation  is  equal  to  32.5  microseconds  plus  2.0  nanoseconds  per  foot  of 
altitude  referenced  to  -1200  feet  MSL.  The  32.5  microsecond  fixed  delay 
reduces  the  probability  that  a delayed  multipath  signal  will  interfere  wit) 
reception  of  the  second  pulse  pair. 

By  use  of  pulse  pairs  in  the  interrogation  message  the  interrogation  pulses 
are  distinguished  from  the  single  pulse  response  signal. 

Interrogation  Response 

On  decoding  a pulse  pair  one  the  responding  aircraft  generates  a 2.6  micro- 
second wide  altitude  acceptance  window.  This  window  is  centered  32.6  micro- 
seconds plus  responding  aircraft's  own  altitude  code  after  the  decoded 
pulse  pair  one. 

On  decoding  a pulse  pair  two  the  decoded  pulse  is  gated  to  the  send  response 
circuit  by  the  altitude  acceptance  window.  The  responding  aircraft  will  thus 
respond  to  all  interrogated  altitudes  from  -650  to  +650  feet  of  it's  own 
altitude. 

The  actual  response  is  a single  pulse  generated  32.7  microseconds  after  a "Hlt 
(pulse  pair  two  decoded  and  gated  by  the  altitude  acceptance  window)  occurs. 

Range  Data  Storage 

Responses  to  interrogations  are  clocked  into  a high  speed  (512  X 1)  random 
access  memory  (RAM).  The  RAM  address  counter  is  gated  on  32.7  microseconds 
after  transmission  of  the  fourth  interrogation  pulse.  (See  figure  1). 

With  no  propogation  delay  the  response  will  be  clocked  into  the  first  memory 
address  by  the  first  clock  pulse.  Responses  received  from  aircraft  at  various 
ranges  will  be  clocked  into  the  RAH  as  they  are  received.  The  result  is  a 
digitized  range  measurement  of  all  responding  aircraft. 

The  two  way  propogation  delay  of  2 nanoseconds  per  foot,  and  the  RAM  address 
counter  clock  period  of  100  nanoseconds  digitizes  the  range  in  50  foot  incre- 
ments. 

After  completion  of  an  interrogation  the  data  in  the  RAM  is  transferred  to 
one  or  imre  512  bit  static  shift  registers. 
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2.4  Interrogation  Sequence  Timing 

The  complete  interrogation  sequence  is  a 3.75  ± 0.20  second  interval.  The 
+0.2  second  Jitter  in  each  sequence  prevents  sequence  synchronization  with 
other  aircraft.  The  sequence  is  shown  in  figure  2. 

A complete  sequence  consists  of  seven  intervals  of  0.5  seconds  each  and  an 
eighth  interval  of  0.05  to  0.45  seconds. 

2.4.1  Clock 

The  basic  timing  for  the  interrogation  sequence  is  generated  from  a 3.0  ± 

0.5  millisecond  jittered  clock.  Interrogations  arc  synchronized  with  this 
clock.  The  Jitter  between  interrogations  prevent  two  aircraft  from  syn- 
chronizing their  interrogations. 

2.4.2  0.5  Second  Time  Interval 

The  0.5  second  timu  interval  is  obtained  by  counting  166  pulses  from  the  3 milli 
second  clock.  The  average  clock  period  being  set  to  provide  the  0.5  second 
interval • 

2.4.3  Set  8 Time  Interval 

The  set  8 time  Interval  is  determined  by  the  interrogation  period  the  eval- 
uation period  and  a 0.2  second  jitter.  The  minimum'  time  required  for  interro- 
gations and  evaluations  is  0.05  seconds.  The  maximum  time  required  tor 
interrogations  and  evaluations  is  0.25  seconds.  The  minimum  set  8 time 
is  thus  0.05  seconds  and  the  maximum  time  is  0.45  seconds. 

2.5  Interrogated  Altitude  Bands 

The  AV01D-11  receives  altitude  digitized  in  100  foot  increments  from  an  en- 
coding altimeter.  It  can  interrogate  it's  own  altitude  and  four  additional 
altitudes.  The  four  additional  altitudes  are  600  feet  aeove,  200  feet  above, 
200  feet  below,  and  600  feet  below  it's  own  altitude. 

An  AVOID  system  being  interrogated  will  respond  if  the  interrogated  altitude 
is  between  -650  and  +650  feit  of  it's  own  digitized  altitude  or,  since  the 
altitude  is  digitized  in  100  toot  increments,  the  AVOID  responds  to  13  al- 
titude codes.  The  13  altitude  codes  relative  to  it's  own  altitude  are  +600, 
+500,  +400,  £300,  +200,  +100,  and  0 feet. 

An  interrogated  altitude  band  is  thus  the  13  altitudes  from  which  responses 
are  received.  The  *''600  foot  interrogation  referred  to  as  the  +6  band  arc 
the  relative  altituaea  of  0 to  +1200  feet.  The  -600  foot  interrogation  re- 
ferred to  as  the  "6  band  are  the  relative  altitudes  of  0 to  -1200  feet.  The 
own  altitude  interrogation  referred  to  ns  the  0(zero)  band  are  the  relative 
altitudes  of  -600  to  +600  feet.  The  -200  foot  interrogation  is  referred  to 
as  the  +4  band  and  are  the  relative  altitude  of  +400  to  -800  feet.  The  +200 
foot  interrogation  la  referred  to  as  the  -4  band  and  includes  the  relative 
latitudes  of  -400  to  +800  feet. 
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Figure  1 shows  tlu1  logic  chat  determines  which  bands  are  interrogated  in  each 
set.  The  +6  and  -6  bunds  are  used  to  determine  the  range/range  rate  oi  a 
threat  and  are  thus  interrogated  in  the  first  set  (set  A)  and  in  each  succeeding 
set  until  it  has  been  determined  that  no  threat  exists  in  that  band.  The 
0,  +A , and  -6  bands  are  used  for  altitude  correlation  with  the  +6  band.  They 
are  interrogated  in  the  fourth  set  (Set  D)  if  a potential  threat  exists  in 
the  +6  band.  In  the  remaining  sets  they  are  interrogated  if  their  is  a po- 
tential threat  in  the  +6  band  that  is  also  in  the  interrogated  band.  The 
0,  - A , and  +6  bands  are  interrogated  in  the  fourth  set  if  a potential  threat 
exists  in  the  -6  band.  In  the  remaining  sets  they  arc  interrogated  if  a 

potential  throat  exists  in  the  -6  band  that  is  also  in  the  interrogated  band. 

J.o  Interrogations  per  Altitude  Band 

The  number  of  interrogations , of  an  altitude  band/  during  a set,  is  determined 
by  the  set  number  and  the  threat  status. 

In  sets  A,  B,  and  C,  if  a threat  has  not  been  detected  In  an  altitude  band 

during  one  or  both  of  the  two  previous  sequences  two  interrogations  are 
made  in  that  band.  If  a threat  was  detected,  then  three  interrogations  are 
made.  In  sets  D,  £,  F,  G,  and  H three  interrogations  are  made  in  all  In- 
terrogated bands  regardless  of  the  threat  status  during  the  previous  se- 
quences. 

2.7  Threat  Evaluation 

The  Tau  zones  are  shown  in  Figure  A and  the  Altitude  zones  in  Figure  5.  The 
Tau  zones  are  determined  from  the  Range,  Range  Rate  relationship  as  derived 
from  the  +6  and/or  -6  interrogations.  The  altitude  zones  arc  determined  b. 
comparing  the  responses  from  a threat  in  the  4-6  and/or  -6  band  with  respe 
from  other  bands.  This  process  is  referred  to  as  altitude  correlation. 

2.7.1  Tau  Zones 

Potential  collision  threats  are  assigned  to  one  of  three  "TAU"  zones.  Tlu  ..e 
zones  are* 


R/ft  Relationship  Tau  Zone 


R £ 25ft  ] 

R * 2500  feet  1 

R fe  A0  ft  2 

R£  6000  feet  2 

2500  <R  <6000  feet  and  3 

-80  <ft  <50 


Where  R - Range  to  Intruder  (ft) 

ft  **  Relative  Range  Rate  (ft/sec) 

Figure  4 shows  these  zones  on  a R,  ft  map. 
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Altitude  Zones 


In  addition  to  the  three  Tau  zones  there  are  4 altitude  zones.  The 
altitude  zones  are  defined  below  and  shown  in  figure  5. 


Threat  Relative  Altitude 

Altitude  (Digitized)  Zone 


+700  to  +1200 
0 to  +60C 
0 to  -600 
-700  to  -1200 


Above 

Coaltitude  Above 
Coaltitude  Below 
Below 


Altitude  Bias  Logic 

The  altitude  bias  logic  prevents  two  aircraft  from  receiving  the  same  command. 
When  an  aircraft  has  0 bias  the  aircraft  responds  to  interrogations  normally, 
with  positive  bias  the  response  altitude  is  shifted  200  foot  higher  than 
actual  altitude  and,  with  negative  bias  the  response  altitude  is  shifted 
200  feet  lower. 


The  bias  when  applied  is  in  the  direction  of  an  impending  manuever.  That  is 
an  aircraft  which  will  receive  a Climb  command  has  positive  bias  and  an 
aircraft  that  will  receive  a Dive  command  has  negative  bias. 


Altitude  bias  occurs  when  a valid  threat  has  a relative  altitude  of  -400  to  +400 
feet,  the  +400  and  -400  altitude  bands  are  used  to  determine  if  bias  is  re- 
quired. For  the  equal  altitude  encounter  the  di  ection  of  the  bias  is 
selected  at  random.  Since  the  first  aircraft  to  bias  will  no  longer  respond 
as  an  equal  altitude  threat  the  second  aircraft  will  bias  in  the  opposite 
direction. 


In  order  to  determine  if  altitude  bias  is  required  the  two  coaltitude  zones 
are  divided  into  the  S altitude  zones  shown  below. 


Relative 

Altitude 


Altitude 

Zone 


Altitude 

Bias 


500  to  600 
100  to  400 
0 

-100  to  -400 
-500  to  -600 


Coaltitude  Above 
Coaltitude  Above 
Equal  Altitude 
Coaltitude  Below 
Coaltitude  Below 


Not  Required 
Negative 
Random 
Positive 
Not.  Required 


Threat  Zones 


The  throe  tau  zones  and  seven  altitude  zones  give  a total  of  21  possible 
threat  combinations.  In  addition,  the  equal  altitude  threat  can  be  ob- 
tained from  the  +6  or  the  -6  band  giving  a total  of  24  threat  combinations. 
These  are  defined  in  figure  6 in  terms  of  relative  altitude  and  tau  zone. 


Intermediate  Display  Logic 


The  functions  of  the  intermediate  display  logic  are  to  inhibit  the  display 
of  a false  threat,  to  maintain  the  displayed  threat,  when  a threat  is  lost 
for  one  sequence,  and  to  incorporate  the  altitude  bias  in  the  displayed 
threat  for  an  equal  altitude  encounter.  The  intermediate  display  logic 
aquations  are  given  in  figure  7. 
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2.11  Indicator  Display  Logic 

2.11.1  Command  and  Advisory  Display  Logic 

The  output  of  the  intermediate  display  logic  is  applied  to  the  Command 
Display  Logic.  The  command  display  logic  controls  the  two  advisory  and 
3 command  lights  on  the  indicator.  The  advisories  are  limit  climb  to  500 
fpm  and  limit  dive  to  500  fpm.  The  commands  are  climb,  level,  and  dive. 

The  command  and  advisory  display  logic  is  given  in  Figure  8. 

2.11.2  Range  Light  Display  Logic 

The  32  Range  lights  in  the  AV01D-11  Indicator  provide  the  range  of  all 
coaltitude,  +600  to  -600  threats.  The  32  lights,  16  above  and  16  below, 
provide  range  data  in  1000  foot  increments  from  0 to  8,000  feet  and  2000 
foot  increments  from  8,000  to  24,000  feet. 

A Tau  1 or  Tau  2 threat  is  displayed  as  a flashing  range  light  with  a Tnu  3 <L 
played  as  a solid  light.  The  displayed  range  data  is  set  Hdata  which  is 
transmitted  to  the  display  during  the  set  H evaluation.  Thu  Range  light  dis- 
play logic  equations  are  given  in  figure  8. 

2.12  Automatic  Operation  Controls 

In  a terminal  area  certain  functions  are  automatically  inhibited.  These 
inhibits  are  listed  in  Table  4. 
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Detail  Theory  of  Operation  (Interrogator/Transponder ) 

The  AVOID-II  Interrogator/Transponder  consists  of  four  functional  modules 
In  a 3/8  short  ATE  chassis. 

These  four  modules  are: 

. Transmitter 
. Receiver 
. Power  Supply 
. Digital  Processor 

A block  diagram  of  the  system  is  shown  in  figure  9. 

Transmitter 

The  transmitter  module  consists  of  the  high  voltage  power  supply,  a power 
on  time  delay,  modulator,  and  a cavity  tuned  oscillator/amplifier  tube  pair. 


The  high  voltage  power  supply  provides  a regulated  1600  VDC  to  the  plates  of 
the  oscillatoi/ amplifier  tube. 

The  time  delay  is  generated  by  a 555  timer.  It  blocks  the  transmitter  from 
operating  until  the  oscillator/Ampl if ier  tube  has  warmed  up.  The  nominal 
time  delay  is  90  seconds. 

The  modulator  converts  the  TTL  input  signal  to  the  required  drive  signal  ior 
the  oscillator  and  protects  the  TTL  circuits  from  high  voltage  feedback  by  the 
osclllator/amplifler  tube. 

The  cavity  tuned  vacuum  tube  oscillator/amplifier  is  a cathode 
modulated  tube  pair.  The  output  is  generated  by  grounding  the  cathode  of 
the  oscillator  tube. 

The  transmitter  module  generates  a single  output  pulse  for  each  input  pulse 
to  the  pulse  modulator.  The  output  is  a 100  ± 20  nanosecond  pulse  at  1607.5  ± 
1.5  MHz  with  a minimum  power  of  +57  dbm. 

Receiver 

The  receiver  consists  of  the  RF  Head  and  the  IF  amplifier.  A block  diagram 
of  the  RF  Head  is  shown  in  figure  10.  It  consists  of  a power  divider,  du- 
plexer,  band  pass  filtar,  limiter,  balanced  mixer,  IF  pre-amp  and  solid 
state  oscillator. 

The  sclid  state  oscillator  is  tuned  to  1547.5  MHz.  The  IF  frequency  is  then 
60  MHz  for  a received  signal  at  1607.5  MHz. 

The  RF  duplexcr  and  power  divider  divide  the  transmitter  output  between  the 
two  antennas  and  route  the  received  signals  to  the  single  channel  receiver. 

The  IF  amplifier  has  two  IC  amplifiers,  a detector,  and  a transistor  output. 
The  first  amplifier  is  AGC  controlled  and  the  transistor  output  is  TTL  com- 
patible. The  IF  bandpass  is  40  to  80  MHz.  Output  pulses  are  generated  for 
each  input  pulse  that  has  a power  level  of  -22  to  -68  dbm  and  are  separated 
by  400  nanoseconds  or  greater. 
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Power  Supply 

The  power  supply  generates  thtee  DC  and  one  AC  voltage  from  28  volts  DC  input 
power.  The  output  voltages  are: 

♦ 6.3  VAC 

. +12  VDC 

. -12  VDC 

. +5  VDC 

The  power  supply  consists  of  a switching  regulator)  a DC  to  AC  Invertor, 
rectifiers  and  output  filtering. 

The  switching  regulator  converts  the  28  VDC  input  to  a regulated  18  VDC  input 
to  the  invertor. 

The  invertor  provides  a 6.3  VAC  output  and  input  voltages  for  the  +12  volt 
and  5 volt  rectifier  and  filter  networks. 

The  switching  regulator  is  set  to  obtain  the  5VDC  output.  A select  resistor 
is  then  used  to  establish  the  AC  output  at  b.3  VRMS.  The  plus  and  minus 
12  volt  outputs  arc  maintained  at  the  correct  voltage  by  scries  regulators. 

Digital  Processor 

The  digital  processor  performs  the  following  functionsi 

. Analysis  of  the  received  interrogation  and  generating  a response  as 
required 

. Interrogates  other  systems  as  required  by  the  threat  status 

. Evaluates  received  responses  separating  threats  from  nonthruatening 
intruders  and  fruit 

• Analyze  all  threat  data  to  determine  the  required  interrogations 
altitude  bias  and  display 

. Automatically  inhibits  selected  functions  in  terminal  areas 

The  Interrogation/Responsc  circuit  and  the  luterrogation/Evaluation  Control 
circuit  control  the  data  flow.  The  Intcrrogat ion/Responsc  circuit  is  pri- 
marily responsible  for  externul  data  i.c.,  interrogations  and  responses  with 
the  Interrogation/Evaluation  control  controlling  internal  data  flow  and 
requesting  interrogations. 

Response  Mode 

A block  diagram  of  an  AVOID-1I  system,  in  the  runponse  mode,  is  shown  in 
figure  11.  The  digital  processor  sections  used  m the  response  mode  are: 

. Crystal  Clock 
. Pulse  Pair  Decoders 
. Altitude  Decoder 
. Altitude  Bias 

. Interrogation/Response  Circuit 

The  Crystal  Clock,  Pulse  Pair  Decoders,  AltiLude  Decoder,  and  Altitude  Bias 
arc  all  inputs  to  the  interrogation  response  circuit.  The  output  of  the  In- 
terrogation/Response circuit  is  a pulse  to  the  transmitter  when  a response 
is  required  and  an  interrogation  inhibit  signal  to  the  Interrogation  Timing 
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circuit  when  a response  is  being  processed. 

3.4. 1.1  Crystal  Clock 

The  Crystal  C*ock  provides  a 20  MHz,  10  MHz,  625  KHz,  and  312.5  KHz  outputs. 
These  frequencies  are  obtained  by  dividing  a 40  MHz  crystal  controlled  os- 
cillator by  2,  4,  64,  and  128.  The  20  MHz  output  provides  the  basic  timing 
for  all  response  functions.  Both  the  normal  and  inverted  outputs  are  available 
allowing  received  signals  to  be  synchronized  for  internal  processing  at  25 
nanosecond  Intervals. 

3.4. 1.2  Pulse  Pair  Decoders 


The  Pulse  Pair  Decoders  are  shown  in  figure  12.  There  is  a total  of  4 
pulse  pair  decoders  two  decoders  for  pulse  pair  one  and  two  decoders  for 
pulse  pair  two. 


The  use  of  dual  pulse  pair  decoders  reduces  the  probability  a fruit  pulse 
will  block  a received  pulse  pair.  The  second  decoder,  for  each  pulse  pair, 
is  inhibited  when  the  first  decoder  is  available  and  for  100  nanoseconds 
after  the  first  decoder  is  triggered,  this  prevents  a single  video  pulse 
from  activating  both  decoders. 
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The  input  to  the  pulse  pair  Decoders  is  a 110  nanosecond  video  pulse  with  a 
minimum  separation  between  pulses  of  1 90  nanoseconds.  Each  video  pulse  goes 
to  the  "D"  input  and  through  a delay  circuit  to  the  clock  input  of  a flip- 
flop.  If  the  leading  edge  of  the  clock  pulse  arrives  when  the  D input  i.s 
high,  a decoded  pulse  pair  signal  consisting  of  a 50  nanosecond  pulse  is 
generated.  A pulse  pair  one  decoder  requires  600  nanoseconds  to  complete 
the  decoder  sequence  and  a pulse  pair  two  decoder  700  nanoseconds. 

Altitude  Decoder 

The  altitude  as  supplied  to  the  AVOID  is  digitized  in  100  foot  increments 
and  in  a Gray  code  format.  The  Altitude  Decoder  uses  a PROM  to  convert 
the  Gray  code  to  a binary  number. 

Altitude  Bias 


1.4. 1.5 


Under  certain  threat  conditions  the  AVOID  system  is  required  to  respond  as 
if  200  ft  higher  or  lower  than  actual  altitude.  This  iti  referred  to  as 
altitude  bias.  The  altitude  bias  is  determined  by  the  tnreat  status  at 
the  completion  of  each  set  H evaluation.  The  input  to  the  Interrogation/ 
Response  circuit  is  by  two  lines,  one  line  indicating  positive  bias  and 
the  second  negative  bias.  Section  3. 4. 4, 2 gives  further  details  on  the 
altitude  bias  circuit. 

Interrogation/Responsc  Circuit 


The  Int^rogatlon/Rosponse  circuit  is  diagrammed  in  Figure  13.  It  i , a 
dual  channel  circuit  allowing  two  interrogations  to  bo  processed  simultane- 
ously. 

Each  circuit  consists  of  a 12  bit  counter  preloaded  with  altitude  and  alti- 
tude biaa  data.  A decoded  pulse  pair  1 selects  a phase  of  the  20  MHz  clock 
and  activatea  the  counter.  The  counter  output  is  decoded  at  preselected 
points  for  inhibits,  enables,  and  gates  as  required. 
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The  altitude  acceptance  window  occurs  31.3  microseconds  plus  altitude  code 
after  a decoded  pulse  pair  2 is  received.  The  window  lasts  for  2.6  micro- 
seconds. The  accepted  altitudes  are  thus  plus  or  minus  650  feet  from  own 
altitude  as  biased,  or  13  altitude  codes  centered  about  own  altitude  as  biased, 
Just  prior  to  generating' the  altitude 'acceptance  window,  the  counters  arc 
set  to  zero.  A "hit",  decoded  pulse  pair  2 within  the  altitude  acceptance 
window,  picks  a phase  of  the  20  MHz  clock  and  restarts  the  counters.  Tin 
response  signal  is  then  generated  32.7  microseconds  after  receiving  a decoded 
pulse  pair  2. 

The  trailing  edge  of  the  altitude  acceptance  window  occurs  at  33.9  micro- 
seconds plus  altitude  code  after  the  channel  is  activated.  If  a hit  does 
not  occur  the  channel  is  then  available  for  the  next  interrogation.  If  a 
hit  occurs  the  channel  is  not  available  until  the  response  has  been  trans- 
mitted. 

Altitude  Acceptance  Window  Inhibit  - To  prevent  a multipath  pulse  pair  2 
from  generating  a response  the  altitude  acceptance  window  is  gated.  The  gate 
is  enabled  10  microseconds  prior  to  the  start  of  the  window  and  reset  by 
the  first  pulse  pair  2 received  after  the  gate  is  enabled. 

Second  Channel  Inhibit  - To  prevent  multipath  from  activating  the  second  re- 
sponse channel,  the  second  channel  is  inhibited  when  the  first  channel  is 
available  and  for  a time  equal  to  the  altitude  code  plus  5 microseconds  or 
for  16  microseconds,  whichever  is  less  after  the  first  channel  is  activated. 
Likewise  the  first  channel  can  not  be  activated  for  5 microseconds  plus  alti- 
tude code  or  for  16  microseconds  whichever  is  less  after  the  second  channel 
is  activated. 

Response  Inhibit  - When  a response  is  transmitted  both  channels  of  the  response 
circuit  are  inhibited  for  3 microseconds.  This  prevents  the  transmit**' 
response  from  feeding  back  through  the  IK  and  activating  a response  channel . 

Interrogation  Inhibit  - An  interrogation  inhibits  both  response  channels 
from  the  time  pulse  1 of  pulse  pair  1 is  transmitted  unitl  112  microseconds 
after  pulse  2 of  pulse  pair  2 is  transmitted. 

3.4.2  Interrogations 

A block  diagram  of  an  AVOID-1I,  for  an  Interrogation,  is  shown  in  Figure  14. 

The  digital  processor  portion  of  the  circuit  consists  of: 

* Three  Millisecond  Clock 
. Crystal  Clock 
. Threat  Storage 

. Interrogation/Evaluation  Control 
. Interrogation/Response  Circuit 
. Altitude  Decoder 
. Interrogation  Timing 
. High  Speed  Data  Accumulator 
. Main  Memory 

When  an  interrogation  is  required  i he  Interrogation/Evaluation  control  make;- 
an  interrogation  request  to  the  I n I orrogation  Timing  circuit.  The  interro- 
gation request  is  synchronized  to  i lie  3 millisecond  clock.  When  the  Interro- 
gation/Response  circuit  is  not  processing  a received  interrogation,  the  In- 
terrogation Timing  circuit  interrogates  and  informs  the  Interrogatfon/Evaluat i on 
control  that  the  interrogation  has  been  made.  If  the  Interrogation/Response 
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circuit  is  processing  a received  interrogation  the  interrogation  is  not 
made.  The  interrogation  request  is  then  repeated  with  the  next  3 milli- 
second clock. 

The  Interrogation  Timing  circuit  interrogates  according  to  the  altitude 
band  required  and  activates  the  High  Speed  Data  Accumulator  at  the  proper 
time  to  receive  responses. 

Between  each  interrogation  the  Interrogation/ Evaluation  control  transfers 
the  accumulated  data  to  the  Main  Memory. 

The  above  process  is  repeated  until  the  entire  interrogation  set  has  been 
completed. 

3.4.2. 1 Three  Millisecond  Clock 

Sequence  and  set  timing  are  controlled  by  the  Three  Millisecond  Clock. 

The  clock  is  adjusted  to  give  166  clock  pulses  in  0.3  seconds  and  is 
jittered  by  ±0.5  milliseconds.  The  jitter  prevents  two  aircraft  from 
synchronizing  their  interrogations  during  a set. 

3. 4. 2. 2 Crystal  Clock 

The  20  MHz  output  of  the  crystal  clock  (sue  section  3.4. 1.1)  is  the  time 

reference  for  the  Interrogation  Timing  circuit. 

3. 4. 2. 3 Threat  Storage 

The  required  interrogations  for  set  B through  Hare  determined  by  the 
stored  threats  from  the  preceeding  evaluation  (see  section  3.4,4. l). 

3. 4. 2. 4 Interrogation/Evaluation  Control 

The  3 millisecond  clock  is  the  time  base  for  the  Interrogation/Evaluatiou 
control  circuit  shown  in  figure  15.  The  Interrogation/Evaluation  Control 
counts  166  clock  pulses  for  sets  A through  G.  To  provide  jitter  between 
sequences,  a 5 Hz  clock  is  employed  to  jitter  the  set  H time.  The  start 
of  set  1 requires  completion  of  set  H evaluations  and  a positive  edge  from 
the  5 Hz  clock. 

A complete  sequence  of  8 sets  is  shown  in  figure  2.  Each  set  consists  of 
8 time  intervals  the  first  5 time  intervals  are  for  interrogating  the  5 
altitude  bands  the  next  2 intervals  are  for  evaluating  the  Above  and  Below 
data.  The  last  interval  marks  time  until  the  0.5  second  set  time  has 

elapsed. 

The  altitude  bands  are  interrogated  in  the  following  order: 

1)  +400 

2 ) -400 

3)  0 

4)  +600 

5)  -600 


Por  each  interrogation  time  interval  a minimum  of  3 clock  periods  are 
required.  This  maintains  the  correct  timing  from  set  to  set  regardless  of 
the  number  of  bands  Interrogated* 
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When  an  interrogation  request  is  made  and  the  interrogation  is  blocked, 
i by  the  Interrogation  Response  circuit,  the  time  interval  is  extended  such 

; that  all  required  interrogations  arc  made. 

4 

! The  minimum  time  to  complete  an  interrogation  set  Ls  thus  45  milliseconds. 

I The  time  interval  consists  of  5 interrogated  bands  times  3 interrogations 

v • per  band  times  3 milliseconds  per  interrogation. 

ji  The  logic  that  determines  the  bands  to  be  interrogated  is  shown  in  figure  3. 

j In  simple  terms,  it  states  that  the  interrogated  bands  are  those  in  which 

1 all  previous  sets  indicate  a potential  threat  exists. 

h 

* 

; In  set  A the  only  bands  interrogated  arc  the  +6  and  -6  and  these  bands  are 

t always  interrogated. 

l In  set  B the  +6  band  is  interrogated  if  a response  was  received  in  the  +6 

1 band  in  set  A.  The  -6  band  is  interrogated  if  a response  was  received  in 

| the  -6  band  in  Set  A. 

, In  set  C the  +6  band  is  interrogated  if  the  responses  received  in  the  +6  band 

during  sets  A and  B indicate  a potential  threat.  The  >6  band  ls  interrogated 
if  the  responses  in  the  -6  band  during  sets  A and  B indicate  a potential  threat. 

« 

i 

In  set  D a potential  threat  in  the  +6  band  during  the  three  previous  sets 
requires  interrogations  of  the  +6,  4-4,  0,  and  >6  bands. 

A potential  threat  in  the  -6  band  requires  interrogations  in  the  +6,  0,  -4,  and  ••  o bands 

In  set  E and  all  remaining  sets  the  4-6  band  is  interrogated  if  the  data  from 
all  previous  sets  indicate  a potential  threat  in  the  4-6  band  or  a potential 
throat  in  the  -6  band  which  has  altitude  correlation  (see  sectio"  3. 4. 2. 5. 3) 
with  the  4-6  band.  The  4-4  band  is  interrogated  for  a potential  threat-  in  the 
4-6  band  which  has  correlated  in  altitude  with  the  4-4  band.  The  0 (zero)  band 
is  Interrogated  if  a potential  threat  in  the  4-6  or  -6  bands  has  correlated  in 
altitude  with  the  0 band.  The  -4  band  is  interrogated  if  a potential  threat 
in  the  -6  band  has  correlated  in  altitude  with  the  -4  band.  The  -6  band  is 
interrogated  if  a potential  threat  exists  in  the  -6  band  or  a potential 
threat  in  the  4-6  band  has  correlated  in  altitude  with  the  >6  band. 

.4.2.5  Interrogation/Response  Circuit 

To  make  an  interrogation  requires  a leading  edge  from  the  3 millisecond  clock, 
i The  Interrogation/Response  circuit  blocks  this  leading  edge  to  the  Interror 

‘ gation  Timing  circuit,  whenever  a response  is  being  processed.  Once  an  in- 

j terrogation  has  started  the  response  channels  are  inhibited  as  specified 

? • in  section  3.4.1. 5. 

J .'4,2.6  Altitude  Decoder 

f • 

\ See  section  3.4. 1.3. 

t 

* 

t 
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3.4.2. 7  Interrogation  Timing 

The  interrogation  timing  is  sychronized  to  the  20  MHz  clock  and  is  imple- 
mented by  use  of  counters  (Figure  16).  When  an  interrogation  is  to  be  made 
the  first  clock  pulse  disables  the  response  circuit.  The  second  clock  pulse 
loads  the  counters  with  the  required  altitude  and  altitude  band  data.  The 
3rd  clock  pulse  then  starts  the  counters  and  generates  the  send  first  pulse 
pair  signal. 

To  determine  spacing  between  the  two  pulse  pairs  the  decoded  altitude  is 
added,  by  12  bit  adders  to  the  altitude  band  data  from  the  Interrogation/ 
Evaluation  Control.  Then,  at  a predetermined  count  the  send  pulse  pair  two 
signal  is  generated  followed  33.3  microseconds  later  by  a signal  that  starts 
the  high  speed  data  accumulator.  This  signal  is  also  sent  to  the  Interro- 
gation/Evaluation Control  circuit  to  indicate  an  interrogation  has  been 
made. 

The  pulse  pair  encoder  is  a 16  bit  shift  register  clocked  by  the  20  MHz  clock. 
The  send  pulse  pair  1 signal  starts  the  shift  register,  and  enables  the  10th 
output.  The  send  pulse  pair  1 and  the  delayed  signal,  from  the  10th  register, 
trigger  the  transmitter.  The  send  pulse  pair  2 signal  starts  the  shift  register 
and  enables  the  12th  output.  The  send  pulse  pair  2 and  the  delayed  signal, 
from  the  12th  register,  trigger  the  transmitter. 


3. 4. 2. 8 High  Speed  Data  Accumulator 

The  hi^.h  speed  data  accumulator  receives  responses  at  a 10  MHz  rate  and  then 
transfers  the  results  to  the  main  memory  at  a 312  KHz  rate.  The  accumulator 
consists  of  a 512  X 1 fandom  access  memory  (RAM)  and  an  address  counter.  Thu 
address  counter  is  clocked  at  a 10  MHz  rate  giving  100  nanoseconds  or  50  feel 
per  RAM  address.  A received  response  writes  a "1"  into  the  present,  address 
of  the  RAM.  As  the  received  data  is  transfered  to  the  Main  Memory  a "0"  is 
written  into  each  RAM  address.  The  sequence  of  events  is: 

. The  Interrogation  Timing  circuit  clears  address  counter  to  zero. 

. STAC  (Start  Accumulator)  places  a *'3"  cm  RAM  data  input  line  and 
starts  address  counter  clocking  at  a 10  MHz  rate. 

. A received  response  writes  a "1"  at  present  address. 

After  512  RAM  addresses  have  been  sequenced  through,  the  10  MHz  clock  is 
removed  and  the  Interrogation/Evaluation  control  is  signaled  that  accumu- 
lation is  completed.  Data  is  then  transferred  to  the  Main  Memory  location(s) 
selected  by  the  Interrogation/Evaluation  control  on  command  from  the  In- 
terrogation/Evaluation control. 

3. 4. 2. 9 Main  Memory 

The  Main  Memory  consists  of  23  shift  registers  of  512  bits  each.  The  shift 
registers  are  divided  into  two  groups  of  14,  one  set  Cor+6  range  data  and 
i associated  altitude  correlation  data,  the  second  for-6  range  data  and  associ- 

i ated  altitude  correlation  data. 
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For  the  +6  band  the  registers  are 

Range  Data  Registers 

H(+b) 

C<+6) 

K<+6) 

E(+b) 

D(-l-6) 

C(+b) 

B(+6) 

A<+6) 

For  the  -6  band  the  registers  are 


Altitude  Correlation  Registers 

k(+4)  H(0)  H(-6) 

G(+4)  G(0)  G(-6) 


Range  Data  Registers 

Altitude 

Correlation 

Registers 

H(-6) 

H(-4) 

H(0) 

H(+6) 

G(-6) 

GC-4) 

G(0) 

G(+6) 

F(-6) 

E(-6) 

D<~6) 

C(-6) 

B(-6) 

A(-6) 

Data  from  the  high  speed  data 

f 

accumulator  can  on 

ly  enter  the 

H registers 

The  data  may  enter  2 registers,  that  is  the  0 band  data  can  enter  the  H 
register  for  correlation  with  the  + band  and  the  H register  for  correlation 
with  the  - band.  During  an  evaluation  all  H register  data  is  filtered, 
that  is  the  H data,  which  provides  a threat  as  determined  by  all  previous 
sets  of  that  sequence  is  retained,  with  the  remaining  data  deleted.  Aftet 
completion  of  both  evaluations  (+6  and  -6)  the  H register  data  is  translated 
t:o  the  associated  G register  with  G data  to  F,  F data  to  E,  etc.  During  a 
Translation  the  H registers  are  cleared. 

When  an  H register  is  receiving  data  from  the  high  speed  data  accumulator 
it  is  OR'ed  with  the  present  data.  The  end  result  is  the  logical  sum  of  all 
responses  in  an  altitude  band  during  the  set. 

'•'he  range  data  storage  registers  for  one  band  are  shown  in  figure  17  and  the 
altitude  correlation, registers  in  figure  18.  These  figures  also  inlicatc 
how  the  registers  are  interconnected. 

'1.4.  i Evaluation 

A block  diagram  of  an  .iVOlD-11  for  an  evaluation  is  shown  in  Figure  1 h . The 
digital  processor  sections  active  during  an  Evaluation  are: 

. Three  Millisecond  Clock 
. Interregation/E'/aluatiori  Control 
. Crystal  Clock 
• Shift/Tau  Clock 
. Main  Memory 
. Tau  Filter 
. Threat  Storage 
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After  all  interrogations  have  been  completed  the  Interrogation/Evaluation 
control  activates  the  evaluation  sequence.  The  Above  Band  is  evaluated 
first  followed  by  the  Below  Band. 

An  evaluation  requires  514  shift  clocks.  For  each  hit  in  the  H data  register* 
the  shift  clock  is  interrupted  and  514  Tau  clocks  are  generated. 

At  completion  of  514  shift  clocks  all  data  has  been  returned  to  its  original 
position  in  the  main  memory  except  the  H register  data.  The  only  data  points 
returned  to  the  H register  are  those  associated  with  a potential  threat. 

3.4. 3.1  Three  Millisecond  Clock 

After  all  interrogations  have  been  completed  the  next  3 millisecond  clock  pulse 
initiates  the  evaluation  of  the  Above  (+6)  band.  The  Below  (-6)  band  evaluation 
is  initiated  by  the  Three  Milisecond  clock  when  the  Above  band  evaluation  is 
completed. 

3. 4. 3. 2 Interrogation/Evaluation  Control 

During  an  evaluation  the  Interrogation/Evaluation  Control  routes  the  proper 

range  and  altitude  correlation  registers  to  the  Tau  Filter  and  provides  the 
set  number  to  the  Tau  Filter.  It  then  provides  a signal  to  the  Shift/Tau 
Clock  to  commence  the  evaluation  sequence. 

3.4. 3. 3 Crystal  Clock 

The  crystal  clock  625  KHz  and  312.5  KHz  outputs  are  provided  to  the  Shift/ 

Tau  clock. 

3.4. 3. 4 Shift/Tau  Clock 


The  Shift/Tau  Clock  uses  the  625  KHz  and  312.5  KHz  Crystal  Clock  outputs  to 
provide  a basic  312.5  KHz  four  phase  clock. 

Phase  one  of  the  312.5  KHz  four  phase  clock  is  used  for  the  shift  clock.  The 
tau  clock  uses  phase  three  and  generates  a 3 mode  seven  phase  clock. 

To  complete  an  evaluation  requires  514  shift  clocks.  This  clock  shifts  all 
registers  used  in  the  evaluation.  When  a data  bit  in  the  H range  register  appears 
at  the  input  to  the  Tau  Filter  the  shift  clock  is  interrupted  and  the  tau 
t.lock  started.  On  the  514th  shift  clock  the  Interrogation/Evaluation  control 
is  signaled  that  the  evaluation  is  complete. 

The  tau  clock  has  three  modes  an  evaluation,  alignment  and  recirculate  mode. 

The  evaluate  and  alignment  modes  are  seven  phase  clocks  with  the  recirculate 
mode  a single  phase  clock. 


The  seven  phases  of  the  Tau  clock  evaluate  mode  and  the  registers  shifted  for 
each  phase  are  shown  in  figure  20.  In  this  mode  A data  is  shifted  on  every  phase, 
B data  on  6 of  the  7 phases,  C data  on  5 of  the  7 phases,  etc.  During  the  eval- 
uate moda  each  of  the  7 phases  are  divided  onto  4 periods  with  the  first  period 
used  to  shift  data  and  the  fourth  period  to  evaluate  the  data.  The  remaining 
two  periods  allow  time  for  the  data  to  stabilize  in  the  Tau  Filter.  The  eval- 
uate mode  requires  11  clocks  of  7 phases  each,  the  alignment  mode  then  clocks 
the  G data  66  times,  F data  55  times,  E data  44  times,  etc.,  until  the 
evaluation  and  alignment  mode  have  clocked  all  registers,  A through  G,  a total 


( 
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of  77  times.  The  recirculate  mode  then  clocks  all  registers,  A through  G, 

437  times  returning  all  data  to  its  starting  position. 

At  completion  of  the  3 tau  clock  modes  the  shift  mode  is  rentercd. 

3.4. 3. 5 Main  Memory 

During  an  evaluation  the  A through  G Data  in  the  Main  Memory  is  recirculated. 
Recirculation  is  through  an  additional  2 stage  Shift  register,  therefore  the 
data  has  been  returned  to  its  original  position  after  514  shift  clock  pulses. 

During  an  evaluation,  the  H data  is  only  recirculated  if  the  Tiu  Filter  in- 
dicates a potential  threat.  At  completion  of  514  shift  clock  pulses  the  11 
register  contains  only  the  data  points  associated  wi;:h  a potential  threat. 

3.4. 3. 6 Tau  Filter 

The  Tau  Filter  implements  the  Intruder  and  Correlation  equations  of  figure  21, 
the  Threat  equations  of  figure  22,  the  Range  Correlation  equations  of  figure 
23,  generates  the  threat  constants  in  Tables  1,2,  and  3 and  outputs  the  re- 
sulting threats  to  the  threat  logic. 

3.4. 3. 6.1  Data  Input 

In  order  to  evaluate  an  outbound  target  the  data  input  to  the  Tau  Filter 
is  skewed.  This  is  done  by  the  shift  registers  shown  between  the  Main  Memory 
and  the  Tau  Filter  input  in  figure  24.  The  data  is  skewed  1 bin  (50  foot) 
per  set  allowing  evaluation  of  intruders  outbound  6 bins  or  300  feet  in  3.5 

seconds. 

3.4. 3. 6. 2 Intruder  Equation 

The  Intruder  equation  of  figure  21  separates  the  track  of  a single  aircraft 
from  other  aircraft  and  fruit  pulses.  It  is  valid  for  the  first  72  pulses 
of  the  tau  clock  evaluation  mode.  Due  to  the  skewed  data  input  lines  the 
first,  A^,  data  evaluated  would  be  an  Intruder  moving  outbound  at  a rate  of 
6 bins  in  3.5  seconds.  The  last  clock  pulse  (72nd)  would  be  an  intruder  in- 
bound by  64  bins  in  3.5  seconds.  The  64  bins  represent  64  X 50  * 3,200  feet 
in  3.5  secs  or  914.3  ft/sec. 

The  Intruder  equation  can  track  an  aircraft  deaccelerating  at  1/2  g or 
accelerating  at  1 g.  As  shown  by  figure  21  the  Intruder  equation  is  basically 
two  equations  OR'ed  together.  The  first  equation  covers  linear  and  deaccel cr- 
ating aircraft  and  the  second  linear  and  accelerating  aircraft.  For  phases  1, 
6,  and  7 of  the  'tau  clock  the  G.  and  B,  ,0  data  is  not  required  and  is  thus 
inhibited.  1+2  i+2 

The  data,  for  the  Intruder  equation,  that  has  not  been  determined,  is  assumed 
to  be  true.  This  is  done  by  ’'forcing"  the  appropriate  data  input  lines  to  the 
Tau  filter. 
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3.4. 3. 6. 3 Altitude  Correlations 

Altitude  correlation  occurs  in  parallel  with  the  Intruder  equation.  There 
are  three  altitude  bands  to  be  correlated.  When  evaluating  the  4-6  band  these 
are  the  -6  band,  the  0 band,  and  the  4-4  band. 

If  the  -6  band  correlates  in  the  above  band  evaluation  the  intruder  is  0 
(zero)  feet.  If  the  4-4  band  correlates  in  the  above  band  evaluation  the  intruder 
is  from  0 to  400  feet.  If  the  0 band  correlates  in  the  above  evaluation  the 
intruder  is  from  0 to  600  feet  and  if  correlation  is  NOT  obtained  with  the 
zero  band  the  intruder  is  from4600  feet  to  4-1200  feet.  Equivalent  correlations 
are  made  in  the  Below  Band  evaluation.  All  intruders  are  thus  placed  in  one 
of  seven  altitude  zones. 


For  correlation  both  the  H and  G data  bits  in  the  correlation  band  must  be 
within  one  Lin  of  the  associated  data  bit  in  the  intruder  equation.  In  set 
0 the  G correlation  is  forced  true  so  only  the  U data  is  required  for  correlation. 
In  the  remaining  sets  the  G correlation  data  is  filtered  H data  from  the 
previous  set.  If  the  G data  correlates  it  indicates  all  previous  data  has 
correlated. 

i 3.4. 3. 6. 4 Tau  Zone  Determination 

( An  Intruder  is  not  a threat  or  potential  threat  unless  it  meets  the  range/ 

\ range  rate  criteria  listed  in  Table  1,  2,  or  3.  For  Tau  1,  2,  and  3 respectively. 

The  threat  criteria  is  determined  from  the  R,  ft  equations  of  section  2.7.1 
modified  such  that  the  threat,  as  displayed,  will  occur  according  to  the 
equations  In  the  three  Tables  the  first  column  gives  the  Intruder  range, 
the  second  column  shows  the  threat  criteria  (number  of  bins  crossed  in  a 
3.3  second  evaluation  sequence),  and  the  third,  fourth,  and  fifth  columns 
show  the  nominal,  minimum  and  maximu  range  rate  that  can  meet  the  given 
criteria  at  that  range. 

The  circuit  shown  in  figure  25  determines  an  Intruders  Tau  Zone.  It  operates 
as  follows: 

The  shil  clock  increments  a counter  which  addresses  a PROM.  The  PROM  has 
an  output  at  each  position  the  threat  constant  is  to  be  incremented.  The 
PROM  then  clocks  a second  counter  whose  output  is  the  threat  constant. 

Each  tau  clock  Increments  a counter  in  the  same  manner  as  the  shift  clock. 

Since  each  Tau  clock  represents  a bin  skip  the  counter  output  represents 
range  rate. 

The  threat  constant  and  bin  skip  counters  are  compared.  If  the  bin  skip 
counter  Is  greater  than  the  threat  constant  counter  the  Intruder  satisfies  the 
threat  criteria. 

To  determine  the  three  tau  zones  requires  three  threat  constants  J,  K,  and  L. 

The  J constant  determines  a Tau  1 threat,  the  K a Tau  2,  and  the  L at  Tau  3. 

, As  implemented,*  Tau  1 threat  has  J,  K and  L valid  and,  for  a Tau  3,  only  L is 

j valid. 

* 

t; 
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'3.4.  3. 6. 5 Threat  Equations 


If  the  Intruder  equation  is  valid  and  the  range,  range  rate  relationship 
is  within  the  limits  specified  by  the  J,  K,  or  L constants  the  data  indicates 
a valid  threat  (set  H)  or  a potential  threat  (sets  A through  C).  The 
altitude  band  of  the  threat  is  then  determined  by  the  threat  equations  of 
figure  22. 

In  the  Threat  equations  (figure  22) 'T*  indicates  a tau  threat,  the  number  1,2, 
or  3 indicates  the  tau  zone,  and  an  H indicates  altitude  correlation  with  the 
indicated  band.  The  equation: 

TA  =*  [Tl<+6)  + T2(+6)  + T3(+6)]  • [H(+4>] 


is  read  as  TA  equals  a Tau  1,  Tau  2-  or  Tau  3 threat  in  the  +6  band  whicli 
correlates  in  altitude  with  the  +4  band. 

3.4. 3. 6. 6 Range  Correlation 

In  order  for  a threat  to  be  displayed  the  threat  must  occur  in  two  successive 
sequences  and  have  range  correlation.  The  Tau  Filter  performs  the  range  corre- 
lation function.  The  Range  Correlation  equations  are  shown  in  figure  23. 

In  a set  Hevaluation  the  range  (H  data)  of  all  threats  is  stored  in  6 shift 
registers.  The  6 shift  registers  represent  PS,  M5,  Tau  Above  and  Equal,  Tau 
Below  and  Equal,  Tau  2 Above  and  Equal,  and  Tau  2 Below  and  Equal  threats. 


In  set  H of  the  following  sequence,  the  stored  threat  ranges  are  compared 
with  the  A data  of  the  present  threat.  If  the  comparison  indicates  the  A data 
threat  range  is  1 bin  outbound  to  9 bins  inbound  of  the  previous  sequence  H 
data  the  appropriate  enable  signal  is  generated.  The  enable  signal  once  set 
is  only  reset  when  the  intermediate  display  logic  has  determined  thnt  the 
threat  was  missed  on  two  consecutive  sequences. 

3.4. 3. 6. 7 Threat  Storage 

Each  threat  as  it  is  decoded  by  the  Tau  Filter  is  latched  into  flip  flops  in 

the  Threat  Storage.  The  stored  threats  determine  the  altitude  bands  to  be  in- 
terrogated in  the  next  step. 

3.4.4  Threat  and  Display  Logic 

3.4.4. l Threat  Storage 

Tha  Tau  Filter  output  to  the  threat  storage  flip  flops  are: 


P5 

M5 

TA 

TB 

T3A 

T3B 

T3EA 

T3EB 

T2A 

T2B 

T2EA 

T2EB 

T1A 

TIB 

T1EA 

T1EB 
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The  intermediate  display  logic 
following  14  threats: 

combines  the  above  threats 

into  the 

V 

TA 

TB 

TIE 

T1A 

TIB 

T2E 

T2A 

T2B 

T3E 

V- 

T3A 

T3B 

T3E 

i 

P5 

M5 

fc 

f' 

t 

f. 


‘ 3. 4. 4.2 


Figure  26  defines  the  threats  listed  above  in  terms  of  tau  zone  and 
relative  altitude. 

The  14  threats  and  the  bias  for  2 sequences  are  stored  in  shift  registers. 
Altitude  Bias 


The  logic  for  determining  altitude  bias  is  given  in  Figure  27.  This  figure 
shows  the  new  bias  (0+),  given  previous  bias  (0)  and  the  threat  results,  tau 
above  (TA),  tau  below  (TB),  tau  equal  altitude  above  (TEAA),  and  Tau  equal 
altitude  below  (TEAB),  of  the  latest  evaluation  sequence.  Each  of  the  nine 
truth  tables  have  4 columns  and  4 rows.  The  4 columns  are  weighed  with  a 00, 
01,  11,  and  10  from  left  to  right.  The  two  numbers  define  the  state  of  TA 
and  TB,  for  example  01  indicates  a TB  and  not  a TA.  The  four  rows  are  likewise 
weighted  with  a 00,01,  11  and  10  from  top  to  bottom.  These  two  numbers  define 
the  state  of  TEAA  and  TEAB  respectively,  for  example,  01  indicates  TEAB  and 
not  TEAA- 


There  are  six  results,  1,  0,  D,  D,  1/2,  and  l/2  listed  in  the  contents  oi  each 
truth  table.  These  results  are  defined  as  follows:  A "1"  indicates  that  the 

conditions  for  the  indicated  bias  is  satisfied,  with  a "0"  indicating  the 
conditions  for  the  indicated  uias  not  satisfied.  A"D"  or  "B"  indicates  the 
results  from  the  previous  sequence  determines  the  bias  (The  notes  of  figure 
27  define  D).  A"l/2"  or  "l/2"  indicates  the  bias  is  determined  by  a random 

selection,  the  1/2  indicating  a 0.5  probability. 
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Display  Logic 

The  Display  Logic  uses  the  threats  as  determined  by  the  previous  two  sequences, 
the  altitude  bias,  and  the  enable  functions  and  determines  what  threats  are 
displayed.  The  equations  are  given  in  figure  7. 

The  enable  functions  provide  protection  against  false  tracks  due  to  fruit  and 
non-threatening  targets.  It  is  used  with  all  but  the  Tau  1 equations.  Since 
the  Tau  3 zone  has  a limited  range  and  range  rate  this  protection  is  not  re- 
quired. 

The  altitude  bias  determines  if  equal  altitude  threats  are  displayed  as  above 
or  below  threats. 

In  the  equations  given  in  figure  7,  the  terror  indicated  by  a 0 indicated  the 
latest  sequence  completed  and  the  -3  terms  indicate  the  previous  sequence. 
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3. 4. 4.4  Indicator  Display  Logic 

Shown  in  figure  8 is  the  command  display  logic  and  the  range  light  display 
logic. 

The  command  display  logic  provide  the  necessary  signals  to  light  the  in- 
dicator command  and  advisory  lights. 

The  range  light  display  logic  shows  the  requirements  for  displaying  range 
data.  The  ’‘UPDATE"  signal  is  generated  if  an  evaluation  indicates  a threat 
in  that  band.  If  no  threat  is  determined,  the  range  lights  are  not  updated. 
The  display  is  thus  held  for  an  additional  sequence. 

3.4.5  Automatic  Operation 

Certain  functions  and  display  outputs  are  automatically  inhibited  in  terminal 
areas.  These  inhibits  are  listed  in  Table  4 and  described  belowt 

On  the  ground  the  AVOID-II  does  not  interrogate  or  respond,  and  therefore, 
does  not  indicate  a threat  to  other  aircraft. 

For  twelve  seconds  after  take-off  the  AVOID-II.  responds,  but  does  not 
interrogate.  Other  aircraft  during  this  period  can  thus  detect  an  aircraft 
on  take-off  as  a possible  threat,  however  no  commands  are  given  during  or 
shortly  after  take-off  to  a departing  aircraft. 

In  the  first  42  seconds  after  take-off  the  Dive  command  is  inhibited. 

The  Dive  command  is  also  inhibited  when  the  landing  gear  is  down  and  locked. 
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4.0  DETAIL  THEORY  OF  OPERATION  (DISPLAY) 

The  AVOID-II  Display  provides  the  pilot  with  advisories,  commands  and  range 
, data  as  instructed  by  the  Interrogator/Transponder. 

The  advisories  are  Limit  Climb  to  500  fpm  and  Limit  Dive  to  500  fpm.  The 
commands  are  Climb,  Level,  and  Dive.  The  range  data  is  in  the  form  of  32 
Light  Emitting  Diodes  (LED'S)  with  16  of  the  LEEi's  specifying  the  range  of 
threats  in  the  Above  band  and  the  remaining  If  LED's  specifying  the  range 
of  threats  in  the  Below  band. 

4.1  Advisories  and  Commands 

Each  advisory  and  command  on  the  AV01D-U  display  consists  of  two  28  volt 
lights.  One  side  of  each  light  is  connected  to  +28  VDC  power  the  other  side 
is  a connector  pin.  lo  provide  an  advisory  or  command  the 
AVOID-II  Interrogator/Transponder  grounds  the  appropriate  pin. 

4.2  Range  Lights 

Range  data  is  supplied  by  16  LED's  for  the  Above  band  and  16  LED's  for 
the  Below  band.  The  data  is  in  1000  foot  increments  from  0 (zero)  to 
8000  feet  and  2000  foot  increments  from  8000  to  24,000  feet . 

A range  light  that  is  flashing  indicates  a Tau  1 or  Tau  2 threat  with  a solid 
range  light  indicating  a Tau  3 threat. 

4.2.1  Above  Band  % 

The  AVOID-II  Interrogator/Transponder  provides  seven  signals  to  control  the 
Above  Band  range  light  display.  These  signals  are: 

. Display  Strobe 
. Clock  Above 
. Strobe  Tau  1 or  2 Above 
. Strobe  Tau  3 Above 

• Update  Display 

• Tau  Above 

. Tau  3 Above 

The  Display  Strobe  signal  is  present  during  set  H evaluations  and  enables  the 
Strobe  Tau  and  Clock  signals.  This  signal  prevents  the  display  from  receiving 
all  but  set  H data. 

The  Clock  Above  signal  increments  two  16  bit  shift  registers.  One  of  these 
shift  registers  is  used  for  Tau  1 or  2 Above  data  and  the  second  for  Tau  3 
Above  data.  The  Clock  Above  pulses  are  properly  timed  to  obtain  the  1000  and 
2000  foot  range  increments. 

In  set  H the  Interrogator/Transpondcr  provides  a Strobe  Tau  Signal  for  each 
coaltitude  (0  to  600  feet)  threat.  A Strobe  Tau  1 or  2 Above  writes  a "1" 
into  the  Tau  1 or  2 shift  register  and  enables  the  Tau  1 or  2 Transfer.  A 
Strobe  Tau  3 signal  writes  a "1"  into  the  Tau  3 shift  register  and  enables 
the  Tau  3 Transfer. 
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The  Update  signal  occurs  at  the  ..tart  of  sot  A.  It  transfers  the  new  data 
to  the  display  registers  for  thc.se  shift  registers  whore  the  transfer  has  boon 

enabled. 

The  Display  registers  have  parallel  outputs.  The  output  from  the  Tau  3 Above 
Display  register  is  AND' ED  with  the  Tau  3 Above  signal  from  the  Interrogator/ 
Transponder.  The  Tau  1 or  2 Above  display  register  output  is  AND'ED  with  the 
Tau  1 or  2 Above  signal  and  a 2Hz  signal.  The  2Hz  signal  provides  a flashing 
display  for  Tau  1 and  Tau  2 range  data.  The  Tau  3 Above  and  Tau  1 or  2 
Above  signals  from  the  Interrogator/Transpondcr  insure  the  displayed  range 
data  is  in  accordance  with  the  AV01D-11  threat  logic. 

4.2.2  Below  Band 

The  Below  Band  range  display  circuits  are  identical  with  the  Above  Band.  The 

Strobe  Tau  1 or  2 Below,  Strobe  Tau  3 Below,  Clock  Below,  Tau  Below,  and  Tau 

3 Below  perform  the  same  functions  as  the  equivalent  Above  signals.  The 
Display  Strobe  and  Update  Display  signals  are  used  for  both  Above  and  Below 
Bands. 

4.3  Day/Night  Switch 

The  Day/Night  switch  controls  the  intensity  of  all  lights  on  the  Display.  For 
all  Advisory,  Command  and  Background  lighting  a 10  volt  2en«r  diode  is  ln<u-ri«d 
in  series  with  the  28  volt  line  for  Night  Operation.  For  the  range  lights 
the  intensity  of  the  lights  are  changed  by  pulse  width  modulating  the  drive 
voltage  to  the  LED's. 

A power  on  reset  is  used  to  provide  Day  Mode  operation  when  power,. is  "first 
applied. 

4.4  Lamp  Test  Switch 

The  Lamp  Test  Switch  provides  a 10  second  Lamp  Test  period.  When  Lamp  Test 
is  activated,  the  Interrogatcr/Transponder  provides  the  required  signals  to 
light  the  Advisory  and  Command  lights.  The  Indicator  provides  the  necessary 
signals  to  test  all  range  lights.  During  the  test  mode  the  range  Lights  flash 
(Tau  1 or  Tau  2)  and  are  lighted  in  sequence  starting  from  far  range.  At 
completion  of  the  test  all  32  range  lights  are  flashing. 
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ALTITUDE  ZONE 

TAU  ZONE 

THREAT 

700  to  1200 

3 

P5 

2 

P5 

4 

l 

P5 

‘500  to  600 

3 

T3A 

2 

T2A 

1 

TlA 

100  to  4CJ 

3 

T3A  (Nog. Bias) 

2 

T2A(Neg.Bias) 

1 

TlA(Nog . Bias) 

0 

3 

T3EA  & T3EB  (Random 

Bias) 

2 

T2EA  & T2EB  (Ra.-dom 

Bias  ) 

1 

T1EA  & Ti£B  (Random 

Bias) 

o 

o 

1 

to  -400 

3 

T3B(Pos.  Bias) 

2 

T2B(Pos.Bias) 

1 

TlB(Pos.Bias) 

-500 

to  -600 

3 

T3B 

2 

T2B 

* 

X 

TIB 

3 
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i — ■ 

1 

to  -12r'n 

3 

M5 

2 

M5 
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t1A(0)!  « {^1A(0)«  (+  BIAS(O),'  ta(0))  + t1E(0)(-B1AS<0)) 

+ T1A (-3 ) oTr7jAS(-3)  c tA(-3)  + t1E(-3)(-B1AS(3)^[^A  ENABLE] 

tIBCO)1  - B(0)o  (“BIAS  (0)  t tB(0»  +t1E(0)(+  BIAS(O)) 

+ TlB(-3)o(-BL\S(-3)  o tB(-3))  + t1E(-3)(+  BIAS (-3*)] [tIB  ENABLE^ 

t2A(0)1  « J^2 A (Q)o  (+  BIAS(O)  ® tA(0)’)'  + T2E(  0 ) (-BIAS  (0)) 

+ t2A(-3)o” BUS (-3)  t TA(-3))  + T2E(-3)  (-BIAS (-3)3]  [^2A  ENABLE] 

t2B(0)1  - [32B(0)f  (-BL\T(0Jo  t^(°)T  + T2E(0)(+  BIAS(O)) 

+ T2B(-3)o(-BIAS  (-3)  o TB  (-3))  +T2E(-3)(+  BIAS(-3  )3]  [t2B  EICABLEj 

t3A(G)1  b t3A(0)o(+  BUG(O)  4T"(°))  + t3E(0)(-BIAS(0)) 

+ t3A(-3)o  (+  ’BIAS  (-3)  « tA(-3))  + t3Ii (-3 ) (-BIAS  (-3 ) ) 

13B(0)1  “ T3B(0)« (-BIAS  (0)  oTB(0))  + r3E(0)(+  1>L\S(0)) 

+ t3B(-3)o(-BIAS(-3) « TB (-3 ) ) + T3E(-3)(+  BIAS (-3)) 

P5  (O)1  - [P5  (0)  + P5(-3)][fc  ENABlJj 

HS(O)1  - £l5  (0)  + M5(-3)][M5  ENABLE] 

NOTES:  1 ) 1 IB  *'*  + t!  EB 

t2E  - t2 I* A + t2EB 
t3E  - f3EA  + t3EB  • 

2)  "ENABLE"  sip.unlf.  arc  valid  from  tlu>  t imo  that  two  counoc.uti.vc  tracks 
with  Knitr.tt  Correlation  arc  obtained  until  two  consecutive  tracks 
arc  missed. 
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COMMAND  DISPLAY  LOGIC 

LVS  +500  = P5C0)1  + TIA(O)1  + T2A(0) 1 + T3A(0)* 

DIVE  = TIA(O)1  . TIB(O)1 
LEVEL  « TlA(O) 1 . TIB(O)1 
CLIMB  = T1A(0) 1 . TIB(O)1 

LVS  -500  - M5(0) * + T1B(0) 1 + T2BC0)1  + TSB(O)1 

RANGE  LIGHT  DISPLAY  LOGIC 

FLASHING  ABOVE  RANGE  LIGHT  = [TlA(O)1  + T2A(0)1]  . 

[(T1A(0)  + T2A(0))  . (UPDATE)  + (T1A(0)  + 
T2  A ( 0 ) . UPDATE] 

FLASHING  BELOW  RANGE  LIGHT  - [TIB(O)1  + T2BC0)1]  . 

[(T1B(0)  + T2B(0))  . (UPDATE)  + '(TIB  (6)  + 
T2B(0);  . UPDATE] 

CONTINUOUS  ABOVE  RANGE  LIGHT  = [T3A(0)1]  . [T3A(0)  .(UPDATE  + T3A(0))  . 

UPDATE] 

CONTINUOUS  BELOW  RANGE  LIGHT  = [T3B(0)1]  . [T3A(0)  . (UPDATE  + T3B(0)) 

UPDATE] 

Notes*  Indicates  an  output  from  the  Intermediate  Display  Logic 

UPDATE  Display  latest  range  data 
UPDATE  Do  not  change  range  display 
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66  _■  npec  Pu 


Clock  PHasc 
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BLOCK  DIAGRAM  (INTERROGATIONS) 


Count 
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INTERROGATION/ EVALUATION  CONTROL 
FIGURE  15 
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Code  T “ Translate 

f » Translate  Not 
E - Evaluate 
X ■ Transfer 

Data  ■ Data  from  High  Speed  Data  Accumulator 
Data  (Filtered)  ■ H Register  Data  through  Tau  Filter 

AVOID-II 

RANGE  MIA  STORAGE  REGISTERS 

FIGURE  17  . 
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T * Translate 
T = Translate  (Not) 

E » Evaluate 

Data  « Data  from  High  Speed  Data  Accumulator  (HSDA) 
Data  (Filtered)  *=  Data  filtered  by  Tau  Filter 
X6  <*  Transfer  600  foot  Data  from  KSDA 
X4  * Transfer  400  foot  Data  from  HSDA 
XO  » Transfer  zero  foot  Data  from  HSDA 

AVOID- II 

ALTITUDE  CORRELATION  REGISTERS 
FIGURE  18 
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INTRUDER  EQUATION 

(I)  « Ht[Ci+1  4 G,  4 Cul]  . [Fi+1  4 Fi  4 F^]  . 

tEi+l  4 4 EMJ  . [Di+1  4 Dt  4 DMJ  . 

£ci+1  + Ci  4 C^j]  . [Bi+1  4 Bi  4 . A£  4 

HitGi42  ‘ *1  * ?6  • *7  + Gi4l  + * 

£Fi42  + Fi4l  + * £Ei42  4 Ei4l  + Ei^  * 

^Di42  + Di41  + Di^  * ^Ci42  + Ci41  + Ci^  * 

[Bi+2  • + \+i  + Bt3  * Ai 

CORRELATION  EQUATIONS 

«‘>  ' Ht  tH1+,  + H,  + H^j]6. 

,tci+2  • C°i+3  + ci+2  + °i.]  + °l+l  • t°i+2  + Gl+1  + GjJ 

+ «t  • t=i+i  + et  + <=t_iJ6  + Oi.jtOi  + Oj.j  + Gi.2J6] 

H(«)  - Kt  . [llJ+1  + Hj  + 

t°i+2  C°i+3  + °l+2  + Gi^  + ci+ll°1+2  + °i+J  + 0l-|4 

+ + Oj  + Gj.jJ4  + Oi.1[G1  + GU1  + Gj.jJ4 

*<0)  - Kt[H1+J  + Ht  + H^jJ* 

tW0i+3  + °i+2 + ci+iJ°  + ei+|tGi+2  + cm  + etJr 

+ GltG1+1  + Gt  + G^jJ"  + g1.1Lg1  + aui  + Oj.jJ” 
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INTRUDER  AND  CORRELATION  EQUATIONS 
FIGURE  21 
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Interrogate 
I (+6) 


Interrogate 

I<-6> 


T1A  * Tl(+6)  . [H(0)  + H(+4)]  . H(-6) 

T2A  - T2<+6)  . [H(0)  + H<+4)]  . WV) 

T3A  - T3<+6)  . [H(0)  + H<+4)]  . 

TA  - [Tl(+6)  + T2(+6)  + T3(+6)]  . H(+4)  . H(T6) 
T1EA  - Tl<+6)  . H (-6)  ,[H(0)  + «(+ 4)] 

T2EA  - T2(+6)  . H (-6)  ,[H<0)  + H<+4)] 

T3EA  - T3(+6)  . H (-6}  „{H<0)  + H<+4)] 

P5  « [Tl(+6)  -f  T2(+6)  + t3(+6)]  . hToT 

4 

TIB  - Ti(-6)  . [n(0)  + h(-4)]  . W& 

T2B  « T2(-6)  . [H(0>  + H(-4)]  . HfKy 

T3B  - T3(-6)  . [h(0)  + H(-4) J . «?+6y 

TB  - [Tl<+6)  + T2(+6)  + T3(+6)]  . H(-4)  , H(+6) 

T15B  - Tl(-6)  . H (+6)  .[H(0)+  H(-4)l 

T2BB  - T2(-6)  . H (+6)  ,[H(0)+  H(-4)] 

T3EB  - T3(-6)  . H (+6)  ^H(0)+  H<-4)] 

M5  - [IK-6)  + T2<-6)  + T3(-6)]  . H?0T 
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THREAT  EQUATIONS 
FIGURE  22 
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JMDC-76141-60 

P5  Enable  (0)  - [P5(0)  + P5<-3)]  . [P  Enable  (-3)]  + 

[FS*  <0>]  . [M^,<-3  - 4 FS*<-3>  + F3^,<-3)  + 

. . . + P5^.a(-3)  + P5^  (-3)] 

T1A  Enable  (0)  • [T1A<0)  + T1A<«3>]  . [T1A  Enable  (-3)]  ♦ 

[TU>)] . [«£,<-»  + 4 m^,(-3)  + 

. . . + + TU^.,<-3)] 

T2A  Enable  (0)  « [T2A(0)  + T2A(-3)]  . [T2a  EnabicC-3)]  + 

[T2A*<0>]  . [T2A^,(-3)  4 T2a£<-3)  + 

T2Aifl<*3)  ^ - + T2A^<‘3)  + T2A^9(-3)J 

M3  Enable  t0)  » [m3(0)  + M3(-3)]  . [MS  Enable(-3>]  ♦ 

[M5*<0)]  . [M5^j(-3)  + M5^(-3)  + 

TIB  EnabU(O)  - [T1B(0)  + TlB(-3)]  . [TIB  Enable(-3)]  + 

[T1B*(0)]  . [TlB^^-3)  + TlB*<-3)  + 

TlB^iO)  + . . . + TlB^.8(-3)  + Tlb^.9(-3)3 

T2B  Enable  (0)  - [T2B(0)  + T2BC-3)]  . [T2B  Enabie(-3)]  + 

[T2B*(0>]  . [TJbJ^OO)  + T2B^(-3)  + 

T2B^.j(-3)  + . . . + T2B^.8(-3)  + T2Bjjf9(-3)] 


Where  (0)  Indicates  present  sequence 
(-3)  Indicates  previous  sequence 
Superscript  Indicates  set  nuaiber 

Subscript  Indicates  bin  number 

Eaaaplct  T2A^_^-3)  is  a Tau  2 Above  threat  which*  in  the  previous  sequence* 

had  H Set  data  in  bln  number  n-5. 

AVOID- II 

RANGE  CORRELATION  EQUATIONS 
FIGURE  23 
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ALTITUDE 


THREAT 

ZONE 

TAU  ZONE 

1*5 

700 

to  1200. 

1 or  2 or 

3 

T1A 

100 

to  600 

1 

T2A 

100 

to  600 

2 

T3A 

100 

to  600 

3 

TA 

100 

to  400 

1 or  2 or 

3 

T1EA1 

0 

1 

T2EA1 

0 

2 

T3EA1 

0 

3 

T3EF2 

0 

3 

T2EB2 

0 

2 

T1EB2 

0 

1 

TB 

.400 

to  -100 

1 or  2 or 

3 

T3B 

-600 

to  -100 

3 

T2B 

-600 

to  -100 

2 

TIB 

-600 

o 

o 

1 

o 

4J 

1 

Hi 

-1200 

to  -700 

1 or  2 or 

3 

TlE-TlEAfTlEB 

. 

T2E-T2EAfT2EB 

T3E-T3EA+T3EB 

TEAA«TlEAfT2EAfT3EA 

TEAB^Tl  EB+-T2EB+T3EB 

TE=TEAAfTEAB 

Notes  1)  Threats  determined  during 

evaluation  of  the  Above  Band 

2)  Threats  determined  during  evaluation  of  the  Dclow  Band 

3)  Altitudes  are  encoded  altitudes 

AVOID  II 

THREAT  DEFINITIONS 
FIGURE  26 
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AVOUCH 

t Ml  JOHL  1 - TttLEAI  EVALUATION 


« 

V 


< 


% 


UKZ 

THREAT 

* 

• 

• 

interval 

CtITUtA 

r OESlkCD 

6 MINIMUM 

R ttfj 

C - 21» 

L-6 

• 

m 

2150*2200 

L-5 

-66 

-94 

-63 

2200*2250 

L-4 

-74 

-60 

-49 

2250-2500 

L-5 

-61 

-66 

-34 

2300*2550 

L-2 

-47 

-51 

-20 

2330*2400 

L-l 

-34 

-37 

-6 

2400-2450 

L 

-20 

-23 

9 

2450-2500 

1*1 

-7 

-9 

23 

2500-2550 

1*2 

7 

6 

37 

2550-2400 

1*3 

20 

20 

51 

2600*2650 

1*4 

34 

34 

66 

2450-2700 

1*5 

47 

49 

80 

2700*2750 

1*6 

■» 

61 

63 

94 

2750*2400 

1*7 

96 

77 

109 

2900-3500 

1*6 

106 

91 

123 

5300-3750 

1*9 

123 

106 

137 

3750-4200 

1*10 

139 

120 

151 

4200*4600 

1*11 

153 

134 

166 

4400*5050 

1*12 

166 

149 

180 

5050-5500 

1*13 

164 

163 

194 

5500-5950 

1*14 

199 

177 

209 

5950-6350 

1*15 

214 

191 

223 

6350-6690 

1*16 

229 

206 

237 

6600-7250 

1*17 

245 

220 

251 

7250-7700 

1*16 

260 

234 

266 

7700-6150 

1*19 

276 

249 

280 

6150-6600 

1*20 

292 

263 

294 

6600*9000 

1*21 

307 

277 

309 

9000-9450 

1*22 

321 

291 

323 

9450-9000 

2*25 

337 

306 

337 

9900-10,350 

1*24 

353 

320 

351 

10,350-50,750 

1*25 

366 

334 

366 

’ - 6-69  - 
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TAU  20NE  1 - THREAT  EVALUATION (CONTINUED ) 


RANGE 

THREAT 

* 

• 

• 

INTERVAL 

CRITERIA 

R DESIRED 

R MINIMUM 

R REJECT 

1 10,750-11,200 

1/626 

382 

349 

380 

11,200-11,050 

1/627 

398 

363 

394 

11,050-12,050 

1/628 

413 

377 

409 

j 12,050-12,500 

1/629 

428 

391 

423 

i 12,500-12,950 

L630 

443 

406 

437 

1 12,950-13,350 

L631 

458 

* 

420 

451 

' 13,350-13,800 

1/632 

473 

434 

466 

13,800-14,250 

1/633 

489 

449 

480 

14,250-14,700 

1/634 

504 

463 

494 

14,700-15,100 

1/635 

519 

477 

509 

15,100-15,550 

L636 

534 

491 

523 

; 15,550-16,000 

1/637 

550 

506 

537 

16,000-16,400 

1/638 

564 

520 

551 

16,400-16,850 

L639 

579 

534 

566 

16,650-17,300 

Lr640 

595 

549 

• 

580 

17,300-17,700 

1/641 

610 

i 

563. 

594 

| 17,700-18,150 

1/642 

625 

577 

609 

18,150-18,600 

1/643 

640 

591 

623 

j 18,600-19,050 

1/644 

656 

606 

637 

| 19,050-19,450 

1/645 

671 

620 

651 

i 19,450-19,900 

1/646 

686 

634 

666 

19.900-20,350 

1/647 

701 

649 

680 

20,350-20,750 

1/648 

716 

663 

694 

20,750-21,200 

1/649 

731 

677 

709 

21,200-21,650 

I/+50 

747 

691 

723 

21,650-22,100 

L+51 

762 

706 

737 

22,100-22,550 

W-52 

778 

720 

751 

j 22,550-24,850 

L653 

826 

734 

766 

j 24,850-25,600 

1/654 

- 

«• 

- 

TABLE  1 
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TAU  ZONE  2 - THREAT  EVALUATION 


rrscs 


'i -it  *•  V il  1* ' •»  . ,;  , 


RANGE 

THREAT 

• 

• 

• 

INTERVAL 

CRITERIA 

S DESIRED 

R MINIMUM 

R REJECT 

2600-6100 

1*3 

50 

2b 

51 

6100-61S0 

1*4 

50 

24 

66 

6150-6200 

1*5 

50 

49 

80 

6200-6250 

1*6 

61 

63 

94 

6250-6300 

1*7 

74 

77 

109 

6300-6350 

1*8 

88 

91 

123 

6350-6400 

1*9 

101 

106 

137 

6400-6450 

1*10 

147 

120 

151 

6450-6950 

1*11 

153 

134 

166 

6950-7600 

1*12 

166 

149 

180 

7600-8250 

1*13 

181 

163 

194 

8250-8900 

1*14 

196 

177 

209 

8900-95*0 

1*15  • 

211 

191 

223 

9550-10,200 

1*16 

226 

206 

237 

10,200-10,850 

1*17 

241 

220 

251 

10,850-11,500 

1*18 

256 

234 

266 

11,500-12,150 

1*19 

271 

249 

280 

12,150-12,800 

1*20 

285 

263 

294 

12,800-13,450 

1*21 

300 

277 

309 

12,450-14,100 

1*22 

315 

291 

323 

14,100-14,750 

1*23 

330 

306 

337 

14,750-15,400 

1*24 

345 

320 

351 

15,400-16,050 

1*25 

360 

334 

366 

16,050-16,700 

1*26 

* 

375 

349 

380 

16,700-17,350 

1*27 

390 

363 

394 

17,350-18,000 

1*28 

404 

377 

409 

18,000-18,650 

1*29 

419 

391 

443 

18,650-19,300 

1*30 

434 

406  « 

437 

19,300-19,950 

1*31 

449 

.420 

451 

19,950-20,600 

I*,2 

464 

434 

466 

20,600-21,250 

1*33 

479 

449 

480 

21,250-21,900 

1*34 

494 

463 

494 

21,900-22,550 

1*35 

509 

477 

509 
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TAU  ZOUE  2 - THREAT  EVALUATION  (CONTINUED) 


RANGE 

INTERVAL 

THREAT 

CRITERIA 

• 

R DESIRED 

• 

R MINIMUM 

• 

R REJECT 

22.S50-23.2J0 

Lrf36 

523 

491 

523 

23,200-23.950 

Lf37 

538 

506 

537 

24,250-25,600 

- 

- 

- 

- 

NADC- 76141-60 
AVOID- I I 


RANGE 

INTERVAL 

2150-5650 

5650-5700 

5700-5750 

5750-5800 

5800-5850 

5850,5900 

5900-5950 

5950-6000 

6000-6050 


TAU  20NE  3 - THREAT  EVALUATIO  N 


THREAT 

CRITERIA 

• 

R DEST  RED 

• 

R MINIMUM 

• 

R REJECT 

L-6 

m 

- 

- 

L-5 

-88 

-94 

-63 

L-4 

•74 

-60 

-49 

L-3 

-61 

-66 

-34 

L-2 

-47 

-51 

0 

CM 

1 

L-l 

-34 

-37 

-6 

L 

o 

CM 

* 

-23 

9 

J/fl 

-7 

23 

U2 

7 

6 

37 

TABLE  3 
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AVOID- II 

AUTOMATIC  OPERATION  CONTROLS 


AIRCRAFT  STATUS 

INPUTS 

INTERROGATION 

response 

THREAT  LOGIC 

ON  GROUND 

OLEO  STRUT 
SWITCH 
CLOSED 

NO 

’no 

(NA) 

after  TAKEOFF 
0-12  SECONDS 

OLEO  STRUT 
SWITCH 
OPEN 

NO 

yes 

<NA) 

12-42  SECONDS 

OLEO  STRUT 
SWITCH 
OPEN 

YES 

YES 

INHIBIT: 
. DIVE 

LANDING 

LANDING  GEAR 
DOWN  & LOCKED 
SWITCH 
CLOSED 

YES 

YES 

INHIBIT: 
. DIVE 

TABLE  4 
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.distribution  list 

REPCR  NO.  NADC- 76141-60 


INTERAGENCY  AGREEMENT 
DQT-FA73-WAI-358 
N.I.F.  KZ701 


NAVAJRSYSCGM,  AIR-954 
(2  for  retention) 
(2  for  AIR-53353) 
•CNO,  0P-982E  .... 

DOT/FAA  ....... 

(10  for  AEM-200) 
(50  for  ARD-250) 
"ODDRtiE  (301064)  . . . 
HO,  USAF,  RDQPS  . . . 
AECOM/AMSEL-VL-E  . . 

ESD/DCTEN  

DOC/ ITS  

ASD/ENVGA  

IDA 

FAA-NAFEC  

FAA-TSC  

DDC 


No.  of  Copies 

4 


2 

60 


f. 


2 

2 

2 

2 

2 

2 

2 

2 

2 

12 


